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B onHcaHHH k 3&hbkc na H3o6pereHMc h^juojkch npHHUHii reTeporeHHofi >KKiUC0ct>a3- 
Hofi KpHCTaJUiH3aunH ajiMaaa, Koropa* npoHcxozufT Ha rereporeunoii uoBepxHOCTH Ka- 
Tajni3aTopa. 3Ta noBepxHOCTb xapaicrepH3yeTCH TeM, mto b npouecce DucoKOTeMnepa- 
TypMoro jierimpHpoB bhhsi TBepAbix yivieuoAOpoAou 6HryMa-cMOji h ac<t>ajn>TeHo» Kara- 
JiK3aTop xeMocoptiHpyeT Boaopo/i b aTOMapnoH 4>opMC. XcMocop6apoBaHHa« noBCpx- 
HOCTfa KaTajiM3aTopa o6jiaaacr tcm KanecTBOM, Konropoe HBJiHercji cymecrBeHHbiM rtpH 
KpHCTajuiH3auHH ajiMaaa, rnc tojd>ko h B03MO)Reii poor KpHcrajuutHecKoro yrjiepofla- 



OnHcau mgtojx npaicnmecKOM peajmsamiK aroro npHHiuuia. B peayvibTaTe ocymecr- 
BJieHHH 3T0ID nptuumna no/iyneHO tfojiee 3000 teapaT KpHCTajuioR a/iMaaa pa3JiMHHOM 
4>paKuiiH or 100 MHKpoMerpoB mq 1000 MHKpoMerpoii . HaH6ojibiucft BejiKMKHbi Kpncra- 
JUEH armada, ii3BJieMemihie b nposeACHHbix aicciiepHMeHTax, aocTHrajw pa3MepOB 3,5 
aa 3,5 MKajuiMeTpa. IIpM stom 3 a/tana nojiyneHim MaKCHMajibHoft ne^iHHHRw KpMcraji- 
jiob ayma3a ne crasiLiacb. 
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rETEPOrEHHAH HCHAKOO>A3HAH 
KPHCTAJIJIH3AIXHH AJIMA3A 



06 JiaCTb TeXHHKH 



ripHMeHemte chhtcth*! ccki tx a;iMa30B <CA) b coBpeMeiiiioii c4>epe MaTepna.ib- 
Horo npon3Bo/tCTBa oneHb o6imfpHO. IlpaicTHMecKH Hex oTpac;ia MaTepiiajibHoro 
npOH3BoacTBa, rae 6w He npHMeHHJiiicb ciiHTeTHHecKne aji>ia3bi, Han6ojiee uiMpoKoe 
npH Me h chh e CA naxojiHT b MauiHHocTpocH h h II]: 

a.nMa3Ho-a6pa3KBHa« o6pa6oTj<a pe^Kymero micTp yMeHTa ; 

ajiMa3HO-a6pa3ifBHoe uurH(fx>BaHHe >ieTa.njioB; 

aji>ia3Hoe xoHMHrooaHiie; 

ajiMa3HO-a6pa3iiBHaH o6pa6oTi<a xpyiiKiix neMCTa.i.niiiecKirx MaTepna:roij; 
o6pa6oTKa zipesecHbix Marepna.iOB, n.iacrificon w pe3UHbi: 
npiiMeHeHJie HHcrpyMeHTon in CA u 6ypeHitn cKHancHH: 
HiiCTOBaa o6pa6crrKa Ti*cp;iocn.iaBHoro ji 6bicrpope>Kvmero 
iiHCTpyMeHTa Ha licex nHCTpy.Meirra-ibHbix 3auoaa\ 

AjiMa3 b a.ieKTpOHHoii tcxhhkc naxcuin cawoc umpoKoc pacnpucTpaneiuie. Tan, 
b C1IJA ii HnoHiiii noflBH.nich coo6meHii« 1 2 1 o paripaOcvrKL 1 aiMa3Hbtx MiucpocxeM 
HJiH KOMTibiOTepOB (c|>HpMa Sumitomo Electric), o upo.Mbiui.ieHHOM Bbinycxe Ten;iooT- 
boaob (ona nee) n aKVCTimccKiix MCMfipan ua a/iMa;nib[x n.ieHKax (<j>upMa Sony). 

B HacTOHiuee Bpoui co3/iaiibJ ua ochobc a/iMa:)a 6uno,iapiibje TpaH3HCTopbi, ^uoxibi- 
UUcrrrKii, tohcmho-ko i rTaKTH w c TpaHDiicropbi ii no.ieisbie TpatKiicropbi. Haji6ojibiimii 
npaKTiiMecKnii MHTepcc npeacTanjiHioT CBM TpaH3itcTopbi c npoHHuaeMofi 6a3oii. Bbi- 
cofcan MomHocTb CBH TpaH3HCTop>ou. KOTopan aocnrraeT 20Bt na HacTOTe 30 Tru, 
a 3TO Ha nopjmoK Bbime mouihoctii jivhiijhx coBpeMeHHbix npu6opoB raicoro Tuna. 
AJiMa3 c ero peicopzuioi! Ten/ioiipoBo/iaocTbio MoaceT upHBecni k noAJiiiHHOMy nepeBo- 
pory b TexHO.ionni tio&xoikck ajih ficubiuiix ii cBepx6o.ibiuux HHTerpa^ibHbix 

MHKpOCXCM [2 J. 

CjieAyeT OTMeTHTb, mto b noTiynpoBO/iHHKOBoii TexHOJiormi CA ocuoeiibi Bcero 
ABe-Tpn aenipyioiuiie npHMecn. BBOzaiMbie » upouecce pocra kphctujijiob, a b npH- 
poaHbix ajiMa3ax okojio 50 pa3Hoo6pa3Hbix iipuMeccn n Ae4>eKTOB u paajiimiibix 

COHeTaHMHX. 
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yPOBEHb TEXHHKH 

CoBpeMeHHbie MeroAbi ciTHTeaa a;!>ia3a mo>kiio K^acuicJwuiipoaaTb 1 11: 

1. CMHTe3 iipH BbicoKHX cTaTH4ecKux aaB;iciuiHX ; 

2. Chhtci upii BbicoKOM narpy>KeHnu; 

5 3. reTCporemtaH KpncTa^yiM3auM5i H3 rasouoft cfxrtbi; 

4. Jlasepubiii cmhtc3 ; 

5. rijia3Meiun)iH cwjiTe3. 

Oaiihm H3 H3necTHi>ix aHajioroo iipeAJiaraeMoro n:5o6pereHH« mo>kct 6biTb wcno- 
^b30Ban ciiQco6 rcTeporeuHoii KpiicTa/iJiMaaumi a.iMaaa m;j rasoBufi $a3bi, H3JioHce- 

10 HHblH B \ i 

"B rereporemiaii Hyicicam-iH mojkuo Bhr/ic.iurh ;ina im^mcwkhmx ncromiw ku aTO- 
mob, naymux Ha o6pa3oBamic KpirniHecicoro aapo/ibima iljh iipiTcoe;.iiiHHK>iiufXC5i 
k pacrymeH cTvueHii. AroMbi yfjiepo;ia (b ctx:raiie Mo.icKy.iw \um pazuiKajia) Moryr 
npHCoe/uiHHTbCH jm6o Heuocpc;ien»ciiHo M3 ra.wnoii <}>a3hi (peaicmia upmmwm y.iapOM 
15 Mexa HH3M PafiAiuia), /11160 \n a;icop6Hpouaiumn> ;iny.Mepuoro ra3a. fnaroAapH no- 
BepXHOCTHoii Murpam-fit (>tcxann3M JlanrMiopa). 

PaccMOTpMM AbyxKOMuoMeHTiiyio ciiCTeMV, nanpiiM( p, Meran 11 BCjopoa. Hbcacm 

cneayioimie o6o3HaHeHitH : 

p t p _ - napmia/ibiibie /laujiemm Mo*raiia n iio/u>po/ia; 

20 ff cTeiienit aaiiojmeiuiH iiouepxiiocni ajcopfiiiponaiiiibiM MerawoM (hjih 

MCTHJibiibiM pa/WKajiOM) n »OAopo;ioM. Tor,:;a c-KopocTb pocra rpa^irra, .n-iMWTnpye- 
Ma« cKopocTbio HVK-ieauint, onpe/iciHercH kuk 

- ^ *„W< (2.1) 
rue J - ttotok MOJieKy^i Merana na eauHPiuy noncpxiiocru. 3^ecb uepuoe ciaraeMoe 
25 cooTBeTCTByer HyKJieauHii ii3 ;iByMepjioro a/icopfoipouaHiiora cio*. roivia Kai< BTopoe 
cjiaraeMoe cooTBeTarnyeT npoueccy o6pa3oBanim icpimiMecicoro 3apo;ibJiiia no Mexa- 
hh3m>' npHMoro yaapa. 

B c/iynae iipHMeHHMOCTM H30Tep>iw JlDW'Miopa ;iBVXKOMnonejfTHOH cwcTeMbi 

V, = K„ p'" p ^^--r-pT- ---- (2 - 2) 
I + . ..! + 1 + • -'- + ---- 
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iTie b r ii KOHCTairrbi aacop6iuui >ierana 11 »oaopo;ia; K ^ ti K^- KOHcraHTbi cko- 
pocTeii peaKUinl, 3a«nc»uuie n ociioiuiom ot TCMiieparypw. Koraa rpacpwr pacrer 
Ha HeKOTopwx HeTajuiax, cKopocn, cro pocra mojicet own, snanHTe.ibHo 6ojibUic. 
Kap6nabi MCTaxnoB (uanpuMep Ka P 6u,ibi hmkc-.h) noryT oiyjfCHTb iotobmmh Kpirrii- 
5 necKHMH aapoAuuiaMH. ZlpymM npii.McpoM noMbuucniioH CKopocru pocra rpacpHTa 
HBJisfercn o6pa3onaHne iiHTeBiuiiwx icpncTa,vion. B hhx 6a3»icHbie iuockocih opH- 
eHTHpoBaHW Bflo/ib HaiipaB.iciwiH pocra. mto h o6ecncHHiiaeT bwcokvio CKopocTh, 
a Tanace peuopflHyio upoMHocrb im panpbiB. 

MccieAOBaiiHH no KimeniKe pocru a.iMana r ociiobhom BwnojiueMW na hwcoko- 
10 AHcnepcHbix ajiMaaiibix nopomxax. KaxuiaH Macrm.ia TaKoro iiopomica iipc;icTanjiHei 
co6oh HecoBCpuienni»ni i<piiera.i.i c rto.-ibutoii n.iornocThio ii3jiomod.cko.ioh, r.e.io- 
tobux crynetieft pocTa. Kpo>ie Torn, na rpami a.iMa:ia (100) yjice o;iun aro.M hbjia- 
eTCJi 3apo;ibiiueM h pafiora o6paao»aiiHH pamia iiv/iki. 

Aiia.un 3KCiiepHMeina.ibiii>ix ;ianiiwx no3i«vi>urr npcananoMCHTb c.ieaywmnfl Mexa- 
15 UH3M pocTa anMaaa A.n>ia:i pacrer na a/iMasiioii uo;yio>KKe na Mecrax, cBo6oflHbix 
ot xeMoccip6iipoRi\Hiioro Mcrana n inuopoja, .in6o Mepea xe.Mocop6npoBaHHbm BOflo- 
pofl, t. e. 

34ecb 0 - cTcneiib .-laiio.ineimH imnepxHocrn: J - motok yivieuoaopoja. Upn 
20 Hcno.'ib30BanHH aa.cop6uiin .'I nn .Miopa 

y - K !> + k (2.4) 

h t b, />, b, 

vne K o1 h K a2 - KOHcraiiTbi cKopocreii pcaKumi, cootbctctbchho ua microti noscp- 
xhoctii h Ha nouepXHocni , rtoKpwroH xcMocf)p6wpoBaHiiwM BO/topoflOM. Hco6xo/im- 
mo MMerb b may, mto Koncrambi a;icop6miii i» cpopMy;ie (1 .4) othochtch k uoBep- 
25 xhocth ajiMaaa. Kaw bhaho hs tpopMVJibi, » oiipe/ieJieunbix ycnoBiiHX CKopocrb pocra 
a^Ma3a npn iioBbiiueHiiii napmuuibHoro j&ajicmm Bo;iopoaa b raaoBoii cpase 6yaer 

yneJIIIMHBaTbCH . 

CoBMecnibiii a H ajin3 ypaBucHiiii (1.2) u (1.4) noKasbiBaer. mto B03M0>Keii laKoii 
' nponecc. Koraa cKoprjCTb pocra aJMrca 6y;ier HacroJibKo 6()JJbiiie CKopocru pocTa 
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rpacfcirra, hto nocJieAHHM aohvcthmo paccMarpuiiarb naic npiiMecb, KOTopa>i mo>kct 

6biTb 3apauieHa aJiMa30M. 

npe/uio>KeHHbiM MCXUHW3M pocra iio3no.'iHeT cflonaTb Aoiiymemie, mto rpa<t)HT pa- 
CTeT nepe3 MCTUjibHbie paAHKaw. rorvui i<ai< iuimoj, no KpaAueti Mepe MacrMHHO, ne- 
pea MeTacTa6H-^bHbic pa/uuca.abi H 5 . 

H3o6apuo-ii30TepMHuecKHH noTcnuna.i a.iMaaa b o6;iacni TepMO ah ham hhcckoh yc- 
tohhhbocth rpa^UTa 6ojibiuc t i ieM ic:io6apno-ii3arepMWHOCKHii noTeHuna^ rpa<t>KTa. 
Ilo9TOMV napiiMa^ibHbic pauuoueciibie ;iau;iewHM yrnepoacoAep^auiHx ra30B hha 
ajiMa30M 6ojibme, MeM mux rpacJurroM. PacMeTw HOi<a3biBaioi\ hto paBHonecHOC AaB- 
jiemie Merana mm a^MaaoM upu TeMiieparypax uuiujc lOOO'T u 2 pa3a npeuwuiaeT 
cooTueTCTByiomee A.ih rpac|>HTa. C.-icaona-rcibiio, up" auaaHHOM napUHa.ibiiOM Aaa- 
jieintH MeTaHa nepecbiujeime na;t a.'i>ia;?oM nccr;.ia MCiibine, L teM naa rpac}>HTOM. 13 3a- 
BViciiMOCTii ot TeMiieparypw n cy.MMapnoro aan/sejmfl orHocnTe.ibHa« paniicci b riepe- 
cumeiniii naA a.TMa30M n rpacj)irroM fnvier iia.MciifiTbCH. rioaTOMy 6y;ie-r ii3MeH«TbCH 
oTHomcHHc CKopocxcii iiyicicamin a.i>ia3a n rpac^ura. 

B KHHCTHHecicoM otiiumchmu a.'i>ia3 Beaer ccfm aiiamnrcJibHO 60-iee HHcprno no 
OTHomeiuiFO k rasaM, hokciu rpa^iiT. ' rro cBJisano c oco6eiuiocT»MH hx crpyKTy- 
pw.KaK U3BCCTHO, SUM h HcjcKi ic cuh:u\ n peuicTKc a/iMaaa hoc«t xapaicrep SP*- ni6- 
pH/uiaauHii, Toraa icaic y rpaifciiTa coorBcrrcTuyer ,S7 >: - rn6pH/iM3aiuifl. 3ueprnH oah- 
HapHoii SP* -CUH3U cocraB/ifleT 348 Klbic Mu.n>, Toraa icaK ;onepi h>i SP" - cun:m 
607 K/lMc/MO/ib, hto :iHamrre.'ibHo Meiihine cvmmw 3ncprnii OAitnapjn>rx c»H3eii. 3aMC- 
Ha AByx coceaeii axoMoij yivicpcxaa n peiueTice aiiMa3a na roaopoa npaicnmecKH He 
MeH5reT xapaKTepa ajiocrpoHtibix inaHMo/ieiicrBHH, Toiyia Kar< auajiorHHHa* onepamia 
c aTOMaMH yrjiepOAa b pcnien<c rpacjnrra mchhct xapaKTep 3JieKTpouHbix cbh30H bo 
bcoi yivrepoAHOM KO./ibixe. 

no aHajioraii pasjiMHiie ao BsaHMOAeiicTBiiH ajiMaaa h rpac^HTa c aroMapHbiM bo- 
aopoaom mohcho ynaao6HTb pa3;»i4Hio n peaKiuinx rwApMpoBaHHH sraiia 11 aucTiuaeHa 
hjim HHKJioreKcajia 11 6eii30Jia. I la stom ocuoBaiibi cnoco6bi OTACJieium a.iMa:ia o r 
rpac|)HTa. Tau npii KHnnueHvi« b x.iophoh Kiicjiore (reMncpaTypa icHneiiM>i 203"C ), 
BbiACJiaromHiicH npii pa3^oxcenun noc;ieAneH, aTOMapBbiii Kiicjiopo^ ra3H4>nunpyeT 
rpa^DHT. no jipaKTHHecKH kc B3aHMoneiicTBye*r c; ajiMa30M. 
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npH6.i*i^ccHHo cKopocTii pocra a;iMa3a n rpactnnra MoryT 6brrb aarmcaHbi n m«e 

^/^•C, , , <2.5) 

rae C( - KoimeHTpauHH yivieBoaopoaa; K n - KoiicxaHTbi cKopocreti peaKUuit. 

Ecjih b cpeae hmcctcr aroMapiibiii Bo;iopo;( c KOHueirrpaiuieif 3iia4irreJibH« npe- 
Bwiuaiouxcii paBHOBCcnyio iipn /tam-ioft TewnepaType. to ckopocth o6paTHMbix pcaK- 
UHfi ra3H<))HKamiH MOHCiio sanucarb b imjie 

I 7 = K a2 -C Z '~ K /tr (\~^ (2.6) 
rae C\ - KOHueiiTpaitHH aTOMapHoro ijoaopoaa: K /2 - KOHcraHTbi CKopocTCH peaKUHH 
ra3u4>HJcauiui aTOMapubiM ncviopotfOM- ycviomieM otcvtctbiim ubuejieniin yrjicpoaa 
b HeaJiMaairoii cJ^opMe fiyacT 

f u =f, . «.7) 

oTKy^a .lenco nairni KpHTmiecKVio KOHiienTpauino aroMapiioro uoaupoAa 

npif AaiiHOM napmta;ibno.M .uan.iciiun yivieBo;iopo;ia. 

CyMMapuaa CKopocTb pocTa a.i>raaa paBiia pa:niocrn cKopocreu npHMoti n ofipaT- 

HOH pCaKUiiH 

y ~ V -V (2.9) 
IlojicraBJMn KpUTHHecKiie 3HaMcunfl KOHuem'paunu aTOMapnoro BOAopoaa.-Jieritt) no- 
,/iyMHTb CKopocTb pocra a/iMaaa 6cj uwatvieniiM rpacf>nta 

y = r n^^L-^i . (2.10) 

Hto6w yiviepOA Ntor KpiiCTajiJUisoBaTbcn n c|x>pMe a.rMa;ja, ueo6xo/iiiMO BUiioJMHTh 
ycnoBwe 

^£L^.2_..<...1 . (2.11) 

K <i1 K /B 

npoBeAeMHbiii BHUie pacner caejian 6e:i VMcrra h-ihsihh* MOJieicyjiflpHoro tjoiiopoaa 
Ha npouecc KpncTaji.nH3ai.iHii a.iMa3a h rpa<J)irra. B nocjiCAHeM cviynae nojiyHaiomne- 
ch 4?opMVJibT oneHb rpOMoaiua-i, ho ne npniioc>rr HHMero upMHUMiiuaJibHO hoboto, 
C icHiteTiiMCCKiiMM oco6chhoct*mh pocTa aji.Ma3a ii rpa<tmxa cB*3anbi aHOMajibHbie 
34>4)eKTbi t 3aK.iiOMaioimtcc« no c^paKUHoiinponanHH cTa.6njibHbix ii3oronoB yrjiepo^a 
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12 C it l3 C . BbUio u6napy3iceno, hto upn pocre a.i.Ma.ia noc/icaHini uorjiomaer 6ojib- 
myio ao.7K) 6ojiee T*>Ke,'ibix naoTonon yiviepoaa. Tor/ia kuk rpatfwr "ot^uct npe/i- 
noHreiuie" 6cx/iee jiericHM H3crronaM. 3cfn}>eKT pa;Kui4Horo 4>paKUHOHi-ipooaiiH5i hso- 
toiiou yr.iepoaa mokct 6mtt» o6*mtchch, can npuHJiTb, hto rpacfwr pacxeT »ki pa- 
AHicajiou H 3 , Toraa kixk npir pocTc a/iMana o6pa3yioToi komii.icicci>i H s . B 3tom 
cnynae K03(|>4>HHHeHTbi pa3Ae. r reuu« fiyjyr iipotiiboi'kviomchm no 3Hai<y a/i>i rpac^ara 
h aJiNtaaa. R pe3yjrbTaTe a.iMa3 no.iy^aercM H30Tonno 6a nee "THHce/ibiM*\ wenec/iii 
rpa<f»iT. 3tot ac^eicr CTpyKTypuoro (J^paKiuioinipoijaiimi h3otoitob hocht mhcto km- 
HeTWMecKHH xapaKTep. 

IJojryMeHHbifi 3KcnepHMeHTajii»]u> ko.*x]x)3jiuiicmt pa;j;ie.ieinm ii30Tonoii hu necKO- 
jrhKo nopaaKOB npeBbiiuaer TepMOAnHaMiiMecKnii :><}x}xm<t t^paKiuiomiponanHM. 

HapauteiiUbie n:? ra;snnnii <]>a:3bi a iMaMHhic uopoiiiKu moi vt ooviajarb n cc ko. t i b ko 

HHblMH CBOHCTBaMH, MOKC'lll IICXOYIM NO . TaiC. UN 1 1 |X )M HOCTh MO)KCT IIOIlb!I.UaTbC5I 

BC^e^CTBiic 3 a ji cm n nam in rpeimm n ;iuc[>eKT<m. Kpo.Mc *roro, w>:iMo>Kna npunHHKa 

pa3JIMHHbIX C^yHKUHOIUUIbllblX rpVUlf Ha VIODCpX 1 1 OCT b a.iMa.ia. 

CyuxecTueuiibiM nay i iHbiM n npaKTimecKHM /ioctii^kciijiom >m. 7 iflCTCfi pa3pa6on<a 
mcto^ob no/iyMemiH a;iMa3ono;io6iibtx ineitorc n:t aroMiibix u uoiuibix uyiKou. 

Ilpii pocre ajiManono/iotfiibix ii/ichok u:t aroMitbix n noniibix nvMiom aroMbi 
yrviepcaa (hjih KOMJi/ieiccbi H3 neciaubKux aroMou) nc cpa;n repaid cuoio no/i- 

BH>KHOCTb. j : lHlUb HO JipOIIIOCTlUUI UCKOTOpolO Hpc.MCHIl OHM " I$CTpaHBaiOTC>f ' B 

peuieTKy, o6pa3yH c /ipyniMii aTOMa.Mii ajiMaaiibic u rpacj?in om>ie Tiinbi cn»3cii. 
O6biMH0 b 3Tmx aKcnepiiMemax ncu.KUKKa ox.*[a>K,iaercn ;\o iCMueparypbi 5KuaKoro 
a30Ta. rioaTOMy aiiTopw yc/ionno Bbuc/iaiOT iipmiouepxiiocTiibiiv cjiou, ivic nponc- 
xo#ht o6pa30BajiHe aapo^biiiiefi iioboh 4>a3bi T nacTiiubi KOTopoii 3aTe.M ncpcxo^T 
Henocpe^cTuenHo b TBep/iyio <{5a3y". 

M3Jio3KeHHbifi aAcop6mioHHbii! npumuin icpiic'rajLiifaafofu ajiMaaa 113 ra3ouoH 
4>a3bi Ha noA/to>KKax pa3JiHMHoro Biua (a t aMa3Hbie, MerajiJinMeci<Hc\ .ans^eKTpM- 
MecKiie ) b HacroHiuee upeMH ne iiMeer npoMbiiu.ieHHoro apn>tenenH«. raic icaK hc 
no3BOJiHer OTKpbixb nyTb npHKJia^Hoii Texncvion-ui b npoM3Boacriie ciiiiTeTHMCCKMX 
ajiMa30B. 

Mnoro^eTHHH dKcnepiiMein'ajibjian uaytca, [3oii.:iomaiomaM n 5KH3Hb 3tot npuHUKn, 
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eme He AocTHivm neo6xoAHMoro pazminmi, mto6w yicaaaib o/xHoanaHiio i<pnTepini 
upoiiaBOACTueHHoii TexHcioniii ciiirreaa a.'iMasa na raaoBoii cf)a3bi pa3JiHWHi>iMH 
cnoco6aMM: 

TcpMiinecKoe pa3JioMCCHitc yivieuoaopoAou par^niHHoro cocTaaa b npiicyicTBHH hot b 
aTM0c4)cpe pa3XH«THbix raaoB (nojopo/ia. aprona. i-cot* u ;ipyrnx raaou pa36amiTe- 
Jien); ruia3MoxHMKMCCKiie mcto/im oca^cmw yrJieBoaopoAHoii n.ia3MM na pa3JiHHHbie 

T1OA-K02KKH . 

MHOKecTBa cnocoCion. poa/uiayiotiuix rcreporeiiHbiii MexaHH3M ciiHTC3a CA H3 
raaosoH 4>a3bi, iienosMcmoio or/uvrb iipeanoHTeHne icaKOMy-Jin6o f mo<5bi BHCApMTb b 
npojt3BOACTBo. OfCHb fioraTbiii SKCiiepHMCirra/ibHbiii Maxcpnaji, c ne MCHee 6oraibiM 
TeopCTitHCCKHM o6ocHonanHe>i 3Toro upmiLUtmu noKa ne no3BOOTCT OAiioawanHo yica- 
3axb nyTb npoH3Bo;icT»y n cmii rc.u: CA. 3KcncpUMen ra^biio uo/iVHaeMbic KpacTaii.'ibi 
oMCHb MeJiKHc (okcvio "SO mkm>, a a/iMa;iiibic ionirraKciia/ibHbie ii.ichkm iio.'iyMairyrcH, 
Kai< iipaniuio, iio;iiikpik ra.i.iiiMccKiiMit c miioi nmic/ieiuibiMH aecJieKraMi-i, r;ie upHcyr- 
cTByer rpacfcm 1-1 pa-vniHUbic Mo;ini|>iiKaunu yivicpoaa. Bo;iee roro, upn ;iocriDKeHHM 
onpeAe/reHHoii To.'iuumbi (0.1 mkm) ;na u.ichok, BwpamnBaeMbix na pa3OTMHbix no- 
AJio>KKax 3nHTaKCHa.niMi>ii*J pocr bcx>6iuc upeKpamacTC*. 

B HacToamcc npotM npoH:mo;tcnio cmrreTimecraix a.iMaaois (CA) ocywecrajiaeT- 
cfl mctoaom niApocTaniMccKoro upixconamm |3,5| u upncyrcruHH >tCTa..iOTHeci<HX 
KaTajJM3aTopon ( Fc, Co. Nk Mn. n ;ip.). Liecb cneicrp iio/cvHacMbix CA othm cnoco- 
6om b ocnoBHOM npiiMCHJicTcH ;uh \\e:\e\\ o6pa6oTKii pa:w«HHbix Marepna.ioB a.aMaiHbi- 
mm HHCTpyMeiiraMii. B raKiix cvrpacOTx npoMbim-neitHOCTH. kuk paaHoajieicrpuHHKa m 
onTHica no/ryMaeMwe CA hc naxo;i«T ripiiMciieiinfl inoa iieyAOBJieTuopjiTe.'ibHbix cboh- 

CTB HOT HX OTCyTCTBHCM »C)o6lHC. OtCYTCTBHC HCo6xOAHMbIX XapaKTCpHCTMK eCTb C/ieZ*- 

CTBHe cnoco6a cHHTC3a 

npeA^araeMoe H3o6pereHHe b nojiimii >iep<: pemacT bcc 3aaaHH, KOTopwe rpe6y- 
eT npoMbiuureiiHoe npoii3no^cTno ot cHHTcnmecKoro a.?iMa3a. Bcviee Toro, npeA^ia- 
raeMbiH cnoco6 KpHCTai;iH3amni ajiMaaa iiohbojihct nojivHarb ajiMajbi c ;iio6biMM 
HanepcA aaAanHbiMH CBoiicTBaMit, wero ne b coctootihm npeAJiOKHTb upoMbiui^en- 

HOCTH HH OAHH 113 M3BCCTIlbIX cnOCo6oU KpMCTaJlJIM3ailHH BJlMa3a. 

CymecTBeHHbie otjimmwh npe/uiaraeMoro 
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H3o6pCTCHHH OT npOTOTHIia 

"Ro nacTonmero BpcMem-i, uocMorpn i-ia 3namrra/ii»nhie ycw-uia mhohix VMeHbix, 
HccjieAoyaBiUHx pa3JiiiMHbie a.wa3i[bie MccropoacAeHHH u Ac|)pHKc. Aann n ABcrpajiHii 
He cjioKHJiacb o6menpn3uan«ajT tcophm o6pa30uannfl iuiMa30B H 1 1 , c. 321. 
5 M3 anajiM3a npHpo/uibix hctohhhkob ariMaaa, KMMfiepJiHToo h vcjjobhm hx 3a:iera- 

hhh MOHCHO.saMCTMTb oflHV xapaicrepi iv io oco6eHHOCTb, npMcymyro nceM 6e3 HcicniOHe- 
hvr KHM6epiiirronbiM rpy6i<aM: 

BMeiuaioiUHe nopoAbi khm6cpjiiitoiiux Tpy6oK, KaK npaimjio, ficcmuhkhkh , rjwHM- 
cvuc cjiauubi, KBapmiTbi, ra/i/iHTw h Kap6oHaTiiwe nopoAbi |6,7|; 
10 bc€ dth Tunw nopo/i » roii u;\\\ iiuoii Mcpe tipomrraHbi 6htvmom |9,16|. 

3to rvniBHbie KpHTepmi a/iMasoHocnocTH kum6cpjihtob. ilo hct npamt.i 6es ncic/iio^e- 
umh. Miio>KecTBO iicic.iioHeimi-i ua :noro jipaHiuia cymccTBye-r. Taj< f 3iiaHJirejibHoe ko- 
jiKHecTBO KHMGepjurroBbix xpyfioK, itaiiptiMep, 5lKyrmi Knotimc ne coaepacaT a/iMaauB, 
a entomb rpac^uTH3npoiuun>i ( Bororo.ibCKwii MacciiB 1.291). Anajnio aroro KHMfiepjiMTa 

15 IIOKa3WBaCT t MTO DTO CH/IbUO UlC/IOMHOH KJIMGcp.MI i \ a H HpHCVXCTUf Ul UUe/l04HbIX KaTa- 

^H3aTopoB npouccc KUTti;unnHecK()io ;u?ni;ipnpoi3aMHH ne upoTeicar. 3to o6iueii3BecT- 
HBIH tydKV [ 17,30). 

Ma ocHOBaiiKH axoro c^aicrttMecKoi o >iaTcpi-ia.ia n era aMa.rm.ia auTopaMii 6hut cie/iaH 
bwboa: hctomhhkom yrvicpoaa Kpncra.MH3aunii a.i>ui3a HBjnrexca npupo^iibifi 6n- 
20 xy m , a yc.TOBHeM rcrcporennoit KpiieTa;j.ninaum: hujijiiotch 6irryMiiH03ifbic nopoabi. r e. 
RMemaiOLUiie nopoAbt KiiMfiep-iirroHoii Mar.Mbi. KiiM6epjimoBaM M'arMa flB/mercH xo/ibKO 
HCTOMuiiKOM Ten.ia jinn iipoTCKainoi rereporcmiOH KpHCT£u'[jiH3auuii ajixaaa. 

06ma* TeopHH KpiicxaJi-runaunu, HSJioHcenmui n [8, c.57] yTBep>KAaer: 
"Poct KpHCTaJi.iOB npoTCKaex u Ana yrana. flcpnwii sxan npeOTO^araer o6paaoBaHHe 3a- 
25 po^biuxek MHKpocicoTTMHecKoro pa3>iepa. BTopofi sxan cocxour B noc.ieAyiouieM pocre 

3THX aapOAbimew ao o6pa3onaHHH onpcae/Temibix rpaneft, hto u KOHemioM jtrore npnuo- 
AHT k B03HHKHOBeHiuo Kpncnui/ia c ciu rafinxycoM . Parmep i-i ynaKOKKa utomou b Kpiic- 
Tajiiie onpeAe,iaioTOi npnpoaoii aannoro KpjicTa.'i. : ia )i vc.tobhhmh era DbtpauurBaKHP. 
PaccMOTpifM ycjiouMH o6pa30Bana>i icpHcra-iJiMHccKKX 3apoAbiujeii (cj^aaa 2) H3 roivio- 
30 reHHoit 4?a3bi 1 , nanpHMep, naponoii, pacn/iaBa una paciBopa. 

CBofioAHa^ 9HeprH5i nepecbiureunoro pacmopa Moxcer yMCHbiuaTbCH b pe3y.ibTaTc 
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BtslIUVieiUTH TBep^OM (f)a3bl. TCM lie MCHCC, TaKKe }KH/lKOCTIT 3aMC4aTCJlbH0 yCTOH4WBhI, 

nocKo;ibKy TBcp^a^ 4?a3a mokct oCpaaouuxsaTbCfl mabico n tom onyMae, ec.ni VMeHbiua- 
eTCH o6utaK 3Heprna aiaeMW. Ec;ih iriMenemic cbo6oahom sHeprmt npn nepexo/xe Me- 
mny Tuepaoii n >xuiflicoir c^a3aMii ccrb G t f to CBo6ozuia« Diiepraw cncxeMbr vMeHbuia- 
ctch Ha 3tv BCiHHiu-ty /wia KJOKAon e/uiinnihi o6beMa u6pa30BaniucrocH roepAoro re/ia, 
ho B03pacTaeT Ha BejtHHKiiy, pamryio <>nepniH noDepxnocTit pa;i;icjra ajw Ka>KAOH 
e^HHHiibT njionia^H, o6pa30BaBineiicH rioaepxHOCTii TBepaoe TC/io-MciiAKOCTb, 

ripi! roMoreHHOM 3apo>ic/iejinH n3Meneime cbo6oahoh 3Heprwn 3aziaercfl Bf>ipa>Ke- 
uueM 

ag - - ag v ♦ v - £ A • <^ • (3. i ) 

rue V ccib o6i>eM 3apo;xbixua, icoTopbiii iimcct rpami njioiiuuibio A,, a 
AO',, - -a*R* T* /,//(—)•*, (3.2) 

3,aecb a - mhc^o mohob. o6pa3atiamunxcH H3 o/tHoii MO.ncKy.ibi; R - raaoBa* nocroHHaH; 
T - TCMneparypa pacTBopa; C - KOiiueirrpauwfl npu reMiiepaTypc T; C„- KouueirrpaiiMH 
npn TOMnepaType ?' 0 . 

rioBeAeiiHe iwoub o6pa30BaBiuciic:H crpyKTypbi c r<pHcra.vn!HecKoii peuicTKOM b ne- 

pecbimcHHoii cpeae 3aBwcux or pa3Mcpa aroii rrpyKTypbi. Ojia MOMcer pacru luiu onKTb 

pacTBOpHTbcyi, npu stom, peav.ibTaroM npouecca ;io.t?kho 6birb cnwHceHiie ee cbo6oaho*i 

SHepnui. H3MenenHe cbo6oahoh ;-)ueprim % o6bCMHoii siiepnui u CBofto/uioii ;>neprHH 

3apo>KAeHUfl AG a/xh cc|>epHHecKHX 3apoAbnueri paAuyca r cB«3aiibi cooTHomeHMeM 

4 

AG = y ♦ x • r* ♦ AG V +4 • nw~ •<r il - (3.3) 

m muiiocTpjipyeTCH Ha puc.1. 

MifHUMa^biiwii pa3>iep ycTOHHHBbix sapoAbiiXiexi KpuTHHCCKoio pa3Mepa nojiyMae- 
tch AHcjxJjepeimnpoBaHMeM ypaBHcinia (3.3) no r, t. e. 
d(AG) 



dr 



= 4* XT- •AG,. + 8* 7ff a sf (3.4) 



d(&G) 

h, npupaBHHBan — 1 k jiyjiio, uau/jcM KpuTwnecKwn paAHyc 3apoAUUia 

dr 
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10 



15 



Cooi BeTCTByioiuaH KpHTifnecKa* c»o6cuua>i auepniH paBHa 
AC/ = 



(3.5) 



(3.6) 



3#AG; 

3aBHCHMOCTb AG or r noicasbioaeT, mto aapnziwiu Meiibiue mcm r m 6ymr pacTBo- 
pOTbcn, Toiaa KaK 6oJiwuHe mcm r* (iy/iyx pacTii. Ma (3.5) cicAyeT, hto uciimwHa 
r* yMeHbuiae-rcn bmcctc c yMeHboienneM a st (t.c. ncpecbimenun) m yBCJiHMeuiieM 
AG V (t. e. iicpeoxjiaHWHHH). 
CKopocTb 3apuAbiiiico6pa3onaHiifl J , T.e. miic.io aapoawiueii, o6pa30BaBiuwxcH u 
eAHHime o6*bCMa, aa e;uiuiiuy npeMemi mcokho nbipa:»rrb ypaniieiiiieM AppeHHyca: 

K k • f J 

rj\e J 0 - npeAcxctioHOHuna.ibMbii'i .miiojkiitc.ii>. a K - norioHima>i Bo.nbUMaHa. 
Hciicvib3y» cooTHOUicHtic rn66ca-ToMcona: 

(3.8) 



/.// — ! = - — : — t 

\cj *•/•/■ 



i\ae M - MOJieicy.('inpiibu'i ofrheM, uo/iyMjo 



2 • <r ; 



A •7' ' c 

/.;/! — 



A/ 



(3.9) 



/• M 

B ypaBHeHiui (3.7) A/i - iwMcncime paanot-rn nmmiimcckoio rioTeiimtajia cannon cm- 
CTeMbi. TaKHM o6pa30M f U3 ypaisneHHA (3.6) KpiiTHwecKoe luweHeHne cbo6oahoh 
3Heprnii paBHO 

i ^ ^ kj- 

(3. 10) 



16« tt-ct^ • A/' 



Y 



20 a M3 ypaBHenwH (3.7) cKopocrb 3apoabiuieo6|ja.-ionaniiH ccti, 



J 



>exp 



16» jr»a d • A'/" 



.Y 



(3.11) 
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ypaBHCHKe (3.11) noi<a3bmacT t mto TCMneparypa T , creneub nepccbiutcHiiH C m 
9>iepniH nouepxnocTH pa3Ae;ia oiipeAe.'iaiOT CKopocTb 3apOAbMiieo6pa30BanMH. 
neperpyunupoBan } r paRHeiiiie (3.11) u ikuiokmh J paBHbrM oahomv aapodbiwy, 



YloncTasuB 3Ha4eHHH pa3.-ni-HHi>ix iiapa.MCTpo«, momcho nojiyHHTb oueHicy KpiiTHHec- 
Koro nepec&fUfei-iHA, neo6xcaiiMoro ;\:w cnoHraimoro o6paaonaHHH .'lapcxobiiiieii , Kau 
npaBH.no, n npoueccc BbipamiiBamiM Mciio.miyfOT nepecbimeHHe paBHue -4. 

CicopocTb 3apo>K;iciniH 3a hi i cut h cyiuecTHeiiHOH cTeneHi! ot Ka/umiiH ua nonepxHO- 

CTH MOOT, Ha KOTOpbJX II p<)l ICXO.U IT pOCT. Tl\K f CTVIieHlsKM Ha UOBepXHOCTU , niCaiOHCHKM 

t. A- hb,'ihiotc>i ecrcc'i ucHHbiMii nrroiiwMii ysaencaMii, lcompbie HHiruiuipyiOT npouecc 
3apo/ibiineo6pa3CBaHMH J:)tot npouecc raioKc c-niMV/JUpycToi npHcyrcTBHCM u KpHCTa- 
^uiH3arope onpeAc.iemn>ix o6.i;kvivj"i <: .ioKa.ibno noBbiiueiiHbiM nepecbimcHweM (HaupM- 
Mep, b6jih3H ox.iaxc;iammcii MoaepXHocTti u.ni ua iiouepxiiocru >KiiaKoii c£>a3bi) t Hayw- 
MneM TpcuiHH h me.'ieii a ciciiKax Kpjicra.n/mcKvropa, a raioKe upuMeceii b pacTBOpe. 
riocKO^BKy npH cy tct h j i c no;txo;iHiiicrr) iiHopoanoro Ttvia h/ih cooxaercTByiomeH noBep- 
xhocth Bbi3bJaaeT 3apo;u>i(Hoo6pa3oiiainio n pn nepecbiiuennHx Menbuiux, 4eM Tpe6yer- 
c* jijih cnoiiTaHHoro nponecca. (Xnuec lUfMeneimc cbo6oahom 3Hcpnnu cBH3aniiae c 
o6pa30BanneM kpiitmhcckhx aapo/ujiineii u vc iohhhx rexeporeiiuoro :sapo?ic;ieHHfl AG^, , 

40J1>kuo 6biib Meiibuic, hc.m npH lOMorciiHOM 3apo>ic;iei ihh ( AG* )♦ r e. ; 



T/lC MHOJKHTCJIb Cp MCHbLIJC ClHHIIUbl. 

PaccMOTpwM jenepb npouecc 3apo>KAe>nm KpucTajuiHMCCKOH <£a3bi wa >khzxkoh b 
np h cy tctb m n HFfopo^Hoii TBcpAoii <|)a;ji>i ( puc.2). Ec/ih 3apo/u>im paztHyca r o6pa3yer 
yrojr KOHTafcra 6 c iiHopoaubiM ruepabiM tciom h, ecjin o6o>3HaHiiM i icpe3 cr r , 3Heprmo 
rpaiiHUhi pa3,aejia Me>K f ay Kpiicra^iimecKOH c|)a30H C m >kha Kocrb io L , *iepe3 <j s/ -3He- 
prwrn rpaHHtibi Me>K/^y noBepxnocrbio HHopo;iHoro ruepaoro Tejia (S) w >kh/u<octmo, a 
Mepe3 a cs - Mewy icpHCTa/iJHmecKoii t|)a3on n miopo/iHOH ruep^oH 4> a3 ^ii. to mojkho 
janucaTb cjie/jyiomee BbipaHceime: 



TaK, i ito LiU paBHo ny.nio t 6v;icm iiMexb 




(3.12) 



(3.13) 



JO 
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cj^ = cr + <x ( , • costf (3. 14) 



HJIH 



costf - 



( g "- g ") CI 14*) 



a 



vl 



r - = 2 # ^/... (3.15) 



MHO>KUTe.lb O MOXCHO Bbipa3MTb \ii\K 

(2 + co S 6?).(l-cos0) : (3 lfJ) 

4 

Tor^a, ccjih 0 paBXO 180 . to ^viiichiis cos# pauna mhhvc eAiniime h ypaBHCKHe 
(3.13 ) npiUMe r bm;i 

ac;* = ac;* (3.17) 

Korvia 0 .ie*:nT mok;iv O I80 ,J , iimccm O MCHbiue 1 . cieflOBa-re/ibHO 

Mr <&(!' (3.18) 

Ilpii 9 pasno iiy/iio, iimccm M> pamio ny.no, rorvia 

15 TaxnM o6pa30M T npn AG*,, pauiio ny. ; no Diiepnin rereporeimoro japuxuicmffl Ta 

ace, hto Tpc6veTca 4.T>i roMorcHiioro 3apoaviemi>i. H stom o/iynac hct cpoacrua MeacAy 
nouepxHocTbio aaHHoro KpiicTa.i.inHocicoi*o rnep;ioro re.ia u HHopo/moro ruepaoro re- 
jia. B cjiynae HacTumioro cpo;icTiKt, koitui 9 Ocuibiiie uy.i>i m Mewbiuc 180 aaponcAe- 
HHe o6^erMCHO. Tlpn nojmoM cpoacxne ( 6 pauHo i-iy.'iio) u pacTBope lie o6paayeTCH 

20 3apOAW uie m . 

IiocKOJibKy reTeporemioro 3apoacAeHHfl AG^ MCHbuie hjih paBHo AC/ jierico 
BH^eTb [cpaBHHTe c ypaBHeifiteM (3.12)] , hto 3^ecb 3ap0£buiieo6pa3OBaHiie HMeei 
MecTo npn nepecbimcHHHX MeHbiimx, mcm i -pefiycTcn oih cnoiiTaHHoro 3apoabiuieo6- 
paaoBaHun" [81 . 

25 H3 H3Jio»ceHHOH reopiiu KpncrajMH3anHH cieziyeT, hto caMbii'r Baxuibui icpiiTepwH 

npn reTeporeHHOH KpncrajuiH3anHii wnjiHeTCfl $viikumm , KOTOpa* xapaitTepioy- 

eT dneprcTHHecKiits vi cTpyicrypnbie cooiicTna imopoAHOH reTeporenuon noBepxHOCTH. 
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ripii MaKCHMajtbHOM :onepreniMcci<OM cp<vicT»e Hbinrpbim n pa6oxe ofipasouaiiwi icpw- 
THMCCKoro 3apo^biuia cymecToeiuibiii. 

B pacciMarpHoaeMOM cuoco6c pocra KpncxaxioB ajiuaaa do >KiiziKoii <})a3hi (6irry- 
mu), koto paw no coBpcMCHHbiM aaiiHbiM ccTb mhk po rex e po re h na m ;uicnepcHaa >kma- 

5 KOCTb [9, 10, 11]. CjlOKHblH COCTaii 6KTyMOB. KOTOpUli COCTOHT B OCHOBHOM H3 X&KHX 

KOMnoueHTOB, Kai< ac4>a-?fb'reHbi, cmo.iw h iJbicoKOM07ieKy.a>ipHbie yivieBo/iopoiibi (Mac- 
jia).B ochobhom 3'iiiMii ko.m nonen ra>w nnpe;ie.:ifnoxc>? cymccTBCHHwe cnoiicxna 6nxy- 
mob. Ac4)a7ibTeiibi o 6iiTVMax - 3to Han6o.uee m>(COKOMO.neKyjiHpHbie yrjieiso/iopo/iM, b 
KOTophix cocpeAOTOMeiu*!, ucc co;iep>KauinGCH u kcc^thx Mera,uibi V ,Ni ,Fc , Co , Mn 

10 H Ap., 6o,ibinaH MacTb a30Ta v KJic.iopo/ia 11 cepw I tt,c\8]. Mo;iei<y.ia aci|)ajibxenoB b 
ochobhom coctoiit 113 aTOMOB ynepwa (80-85 %). a oiHoiireHHe utomob yrvrepo;ia k 
aTOMa>t oo;iopo.ia C:H KO.ic6.riCTCH b npcuvtax ox 0.8 ;\o 0,87. CoaepHGiHiie reTepoa- 
xomou (MeTajT.iOB, KHCJiopozia, a^oia. ccpbi) cocran/iHtvi ox 5 ;io 11-14% |9 t 16|. Accjja- 
jibTenbi hb;ihiotc* npo;iyicraMH KOiucncauim cmo/i. y CTaiiou.'ieno, mto :->th ;iBa KOMno- 

15 Henxa (cMo.-ibi m ac4)a..'ibTciiM > iipn oupe;u-vieHMbix yc.ioiiH«x moi v*i ncpexoAMTh Apyr 
b Apyra. B OnryMax cmojim fiB/ifliOTCH nJ!acTiu|)iiicaTOpaMH acct>a.;ibTCHO£ h o6/iaaaK)T 
xopomeii pacTBopiiMocxbio n iiec|yrHm>ix yivieuo/iopoaax. OxxiiMiie cmoji or acc^ajibxe- 
hob xapaKTepn3yeTCH MciibLucir Mo/icKY/mpnou Maccoii (500 - 1200 ), ror/ia i<ai< acc£>a- 
jibTeHbJ wmciot cpeamoio Mo/ieKy.mptivio Maccv (900 - ftOOO) [9 c.32|. Actjuuibrenbi b 

20 oTJiiiHiie ot cmo.t npii HarpenainiH ne rt/iauirrcM. a parnaraioTca b imxepua.'ic xeMnepa- 
Typ 175 - 240 ,1 Ch MaKCMMajibiioe ko.twmcctbo accjxubTeHOH b 6hxvmux Moacer aocth- 
raxb 40% |9]. Cpe^ii bccx icoMnoHenroB GnxyMa na>i6ojiee nbicoKonoJinpHMMU HBJiaiOT- 
ch acc^a/ibTCHbi, noaTOMy raxon iio nuiiicnepciibiit pacxnop, KaK 6uxvm, paccMaTpHBaioT 
KaK pacTBop I1AB b yraeBOAopo/iax. 

25 npH KJiaCCHCtWKaUMW npiipOAHblX a,!Ma3C)li 6bl.U1 BblAC.ieHbl ZieCHTb pa3HOBHAHOCTeH' 

£L/IMa30B [12] HO BHeiHHMM npHSHaKUM. AlUWIlia »TMX pa3i!OUHaHOCTCil nOKa3bIBaeT,HTO 

Aaxce u npeaejiax o/inoii pa3HOBH£iiocxu hct auvx H/ieuxuMiibix KpncxajuioB, KaK no 
XHMW4ecKOMy cocTaBy, Aec|>eKTOB b crpyicrype KpucTaji.noH, Mopc^ciormt m pa3jiHHHwx 
4)H3HK0-xHMHMecKiix xapaKTepiicTMK. 3tox »a?KHci'iuiH»i 4> aKTMX * ecKI1 » Maxepiia/i, KOXO- 
30 pbifi yua3biBaci , hto hc ycjionun Kpucra.i.niKiaiuiH, a hctohhkk yiviepo/inoro Marepnajia 
TOJibKO Mo>Kex ^axb xauoo Miioroo6pa3ire KpncTaji^oB ajuiaaa. A nojiHKpMcra^MHHecKHe 
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ajiMa3bi hbho yKa3bioaiOT na cnoHtiibu'i hctomiijik yivicpo^iioro MaTcpna^a no caoeMy 
cocTaBy ii CTpoeHHio. Bo-iec roro, i<or;ia mw o6paniMC5t ic HHcfxipMamui 06 s/ieMeirrax 
npwMeorx b Kp»fCTa.njiax iuiMa3a, to <>6iiapy>iai»aercfl, mto stu npiiMecii H/i.eiiTHMHbi 
npHMecHM rexepoaTOMoi* a 6uTy>iax |9,11.14|. 

5 Heo6xOAltMO OTMeTlfTb OMCHb Oa>lCMb!W liOiatfaTCnb, KaK OTHOIlieHUe /I3f- P aBHOe 

90,9, jxan 6nryMOB [13. c.106], a ;u\n upi-ipo/iKbix a^Masoo sto othouxchmc naxo/iMTCH 
b npe^e.aax ot 89,55 ;io 91,55 ( ajiMaabi Kap6otia;io, X pa3 1 [obh/jh ocTb ) [12, c.34l. 
KaK H3BCCTHO, icHM6ep.nifTOBaH Mama ue o6;iaaaeT ins tokhm H3oronHbiM cocrasoM, 

HH TaiaiMII 3..ieMeHTaMH-l!piiMeCHMII, KUK a/I.Ma-l II 6HTVM 13 TOM >KC KO.11 IMGCTBCJH HOM CO 
10 OTHOUieHHli. 

HsBecTiio, hto iipn Tep.MMMecKoii ;u:cTpyKumi r>i>Ke.]oro uecJmiHoro cbipbH. vyupo- 

Ha, KOTOphI.fi HBJlHeTCH CbipbCM ,M>I 1ipOH3l)0;iCT»a fillTVMOB. KOHCHUblM IipOAyKTOM 
CCTb KOKC [llj. CaMblMK MaXCHblMI! KOMUOl ICIITa.MII ry/ipOMOB II fillTV.MOB, EiepeXOHlUUMH 

b kokc, 5!B.T5iK)Tcn CMo.tbi u accf)a. r i i.TciibL Bbixo/i K()Kc;i ii3 accjnuib 1 eiiou ;.iocriiraeT 57 - 
15 75,5 % (14, c.51], a na pa.MiiMMbix bii;ioh cmo/i .to 31 "<> |1l;14,c.5l |. OaHauo BbixoA 

KOKCa M02K1I0 nOBblCUTh. VHC/HIHiluan I? HCXO;illOM Cbipi><* KO/IHMOCTBO aCc|)a.l hTCHOB H 

cmo* [9.1 1,16] 

B npouecce TepMi-r i iecKoii accTpyitmui tajkcimx necfmnibix ocraiKon n fiuTyMOB 

IIpOHCXOAHT CJIOHCHblC XHMHHCCKHC peaKUIIir 15 t'OMOrCIIIloii cfKLTC IK) OTlIOlueilHlO K ko- 
20 HeHHOMV npO^VKTV - KOKC V . R DTOM C.105KI IOM llpOUCCCC Ubt/lC,'l>UOT caMbie uaaciibie 

3Tanhi npoTCKaHiffl peaiaiwii, icoropwe upuHflrro xapaKTcpii3ouaTb, icai< peaKuwii pac- 
na/ja h KaK peaKUMM KOfucncamui. PeaKiuiH pacnaaa THacciora uecJmiHoro cupba 
(ry^pOHbi, 6irryMbi ) conpoBos&iaiOTCH DHAOTepM hmockmmh .^(jjeicraMH, a peaicuHH ko- 
HfleHcamiii conpoBOiicaaioToi cH^biibiMii aicaoTcpMi-meciaiMH 3<}>4>eKTaMJi u k icoHuy 
25 npouecca AecrrpyKUMw npnotfpeTafOT xapaicrup uemibix |8, c. 93-95 j. Tai< icaic peaKUMM 
npoTeicaiOT n mchokoh cf)a3e, to ue.iecoo6pa3HO KaHeoueifHO pacoiorpeTb stot npo - 
uecc. B npouecce KOHAei-fcam-iM (yir.wn-ieicHM) >kmakiix yrjicBO/iopoAOR 3naMWTe.abHyio 
pojib iirpaeT aaB~ie.HHe. 

M3Becntoe cooTiioujeHHe H3 XHMimecKOH repMoawMaMHKH, i\ue KoticiaHTa paBHoae- 

30 CHH K XHMHMCCKOM peaKUHH 3aBHCHT lie TO.'IbKO OT TCMnCpaTypbl , HO H OT RilBJlCHHfi , 

h npH nocTOHHHoft TCMnepaType MacTiiaji iipon3Ho;uia« ot Dticpnin Fn66ca no aae^ie- 
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hhk) Bbipa>Kae i ch [15,19] 

_f*Kf| ■ / ^ 7 { ^(A)V _ AK , (3.19) 

rae AV - wmfaHemfe suepnm PuoGca b pe:jy.ii>Tare peaicmitt paciuua " yruj«Tnenit« 
(KOHAeiicauHM) b MiiKpoix'rcporeiiHOM pacTuopc (1-yapon. 6htvm) THXCc.nwx yivieuo- 
5 aopoaou; K - kohctqiitu pcaKum'i pauHfiRecun paccMaTpHBaeMhix peaKUHii; Af - h3mb- 
HeHHe o6i>eMa pacmopa u paiy.ii.TaTC TepM<accTpyicunii ™>KCJioro HetpTMiioro ewpbfl 
KaK cjieayeT us TeopHii aoco.itonibix cicopocTeii pcaxuiifi, saiufciiMocrb cKopocrM 
ynJioTHcmia, a HMeiuio srru peaKiiwi >n>i pacoiaTpwnacM, KOTOpbie co.aep>icaT b ce6e pe- 
aKHHH pacnaaa icaK an-nriibiii mcx.hiii.im, mowho uaiuicaTb: 

f rl.n(k) ) Al" ^3 20) 

v <p J, " «•■/"' 

B 3tom cooTHOiiiCHiiii ijcvi iiMii ua AV ' ecn> imMenemie a kt n b ami ohho ro o6beMa no ny- 
th peaKUiui, Koropwii iipcvi< -raiwmvr coooii ,iiin>i<en ne no aiieprcrimecKofi rtOBepxHOC- 
th. H3MeneHiie aKTiiBiuiiioimoio (/ti.i;Ma, k kotopomv npn6./iH5Kaercyi peaicunoHHaa ch- 



crcMa, BtipaMcaeToi coothoiiiciiiicm 

ai- =r.-r„ (3.2D 

r/ie I r v . - aicniuaunoHiii.iit 061,01 peaicitnoiiiiom pacTBopa THweJiixx yr.-iewuopcvicis. a 
V t , - licxcuiibrii o6T>e.M :>roro pacruupa. B aici nuauuoiiHOM (>6ueMe J',, u pcay.nbrare 
KOHflCHcaumi npoifcxo.r.tr x hc.ikmchmc i<aK Ko.-imiecToa accJjajibTCHou, iuk 11 cawoii mo- 
jieKyjiwpHoii >taccbi acipa/n.Tcnou |9,11. C.38-40J, n cootbctctuhii c othm AmuKemieM 
uo3pacTaeT ii.noTiioc.Tb pacTBopa. uc/icactbmc o i pnuaTe.ibHoro m3mchchhh AV * . 

B COOTBCTCTBMH C IHVlOaCCIIHHMH COBpCMeilHOH TeOpHlI, 3TH HSMeiieHHfl yMIITblBajOT- 

ca 

ai" = av;, + af,.; ( <3.22) 

B jjtom paBCHCTBe AF„* - mMciiemie o6i>CMa peanipyiomux MoneKy.'i, npH o6pa30BaHHH 
25 in hhx aKTHBH poBSH noro KOMn.ietcca. 3to hojioxcchhc MoxcHO pacoiaTpHBaTb Kan ne- 
pexoa cmoji b acfpanbTciiu. tuk n lOMeiieiure MOJicityjiapHoii Maccu accJjajibreHOB. Bto- 
pa* cocraBJunoinaii ypaBneimn CJ.22) AV,'„- Mciibiue hvjih - H3MCHemie ofitCMa pacT- 
DopHTeju, conpoBowaaiomec uepexaa k aicruuiipoBaHHOMy KOMiuieKcy 1 15, c.243 \. 
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06e ue.iitHHHbi AV* u ai ; o Meiibuic ny.ui n. coomeTCTueHHO AV* Menbiue nyjia , to 
peaKUHU KOiueHcaiiHH 6yayT 3iiaHMTe,<ibHo ycKopwTboi npn noBbiuiemiH ^ai^ieim* b 
CHCTeMe. npoBoa^ peaKUHio k KoiieHHOH Tt)4ice, mm no.nyMHM npoayxx peaKmw - kokc. 
PaccMorpHM Tenepb rcTeporennyio peaKLuuo acnupHpoBaiiMa ra>Ke.ni>ix ymcBOAopoaoB 
5 (6wTyMa), KOHeHHWM npoAyKTOM icoTOpoii MB.iHeTCH k p m era ?i Mi m ccic h if yr;iepoA-ajiMa3. 

B upifpOAHblX yCJIOBHSIX 6HTyMOI3MCIJ.iaiOUlllM" HOpOaaMM B OCHOBHOM KHJIfllOTCfl jxo- 

.lOMUTbi , H3BecTHHKii ii necMaiiHHKH (9,161- 3tii bmcuuuoiuhc nopo/iw a c-iyacaT icaTa- 
.iH3aTopaMH npn KpHCTajiJinsaumi a.«Ma3a. 

AACop6uwH KOMiroHeHTOD 6iiTyMa na noBepxi-iocTM stux nopoa, Koropbie npeTepne- 

10 BaioTpaa cymecrBeHHbix upcBpaiueinm 19; 11. c.56|. B nopw arax MMHCpajioB npoHii- 
icaiOT i<o m n oh eirrbi 6htvmob c oTiiociiTciwio iuukoii Mo^iCKyjiapuoii Maccou. Hanpo- 
tiib, yivieiiojopoabi c oTHociiTcvtbim iij)icoKoii Mo/ieKy.iapHoii Maccoii. Ki\K cMo.ibi h ac- 
4>ajibTeHbi, aAcop6npyiorcH na nneuineii noBepxHocni 6iiTVMORMci.uaioi.mix Mtmepa- 
.iob, C.ieaycT oTMcniTi), mto 6iitvmohmccthmo<:ti> 3Tiix nopoa MMee-r 3iiamrrc/ibMyio 

15 DeJiMMHHy, AOCTiirafl 50% na Macro or ueca nopo;iw. TaKHM ofipa;*OM. luienna fiirryMa, 
noKpbiBaromajj BiieuiHioio ncmepxnocrh paccMaTpHaacMhix MMHepajion b ochodhom coc- 
toht H3 cmoji if ac4)a:ibTenou, KOTopbio mhjihkitch naii6a.'iee uujiapHbiMH KOMiioueu- 
TaMH 6iiTyMa. 

Hpii narpeBc xaKoii fiuTVMO^Mttiiunouieii nopo;u>i ao reMncparyp 500-600 'V fiyayT 
20 npoTCKaTb npoucccbi ;ienupsipoBaiiitH. ;uici[ponopui-ionnpo»anH» n noJUiKOH/ieiicaunn 
[11, 14 1, pe3yjiF>TaroM icoropbix ccTb .icrKne naporaaoubic yr.?ieuoaopo;u»i n BO/jopoa. 
BbiZiejiHiomHHCH uoAOpo;x kuk b aTOMapuoii cjx>pMC, Tai< h b MOJieKyjiapHOH 6y^er cop- 
6HpoBaTbca fiirryMOBMemaioiuiiMii riopo/uiMH. rioiviouieHwe BO/iopo/ia nponcxo^HT b 
4>opMe xeMocop6uHH, t.c. b aTOMapHott c|)opMe. ZleficTBHTejibiio, &KcnepHMenrajibHbie 
25 (JjaiCTbi noATBepnc^aiOT sto no.io^ceHne o xeMOcop6mrn BOAopoaa Ha nonepxiiocrii pa- 
ccMarpiiBaeMbix MHiiepajiOB. yc'ramm/ieno. mto Boyiopo/i ofoiaaaer aMaHMvejibHon upo- 
awuaeMOCTbio b Kiiapuc, uanpifMcp, npn 500 "K Ko3cf>cJwmieHT npommaeMocTM bo/k>- 
pOAa 

\. h = 0,0108* 10" 1 - MO.ab m/m c lla , (3.23) 

30 a K03cf>c}HTHHeHT am4)cJ>V3hh Bo^opo;ia 

D„ = L3«10" l -...M-c . CJ,24) 



# 
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npn TeMiiepaType 750" K sktm nejutHtiMM iicMpacraior cooTBeicTiieiiiio 

A„ = 0,\76»\0~" MOJib».uf m*c» 17a (3.25) 

D K = 3.10"- ■ <3.26) 

Khk biiaho ii3 3TTix S KcnepHMeHTa.ibnbix aamibix no BOAopoAoiipoHimaeMOCTM Kea- 
pua cJieAyer, mto 3nawnyibHoe Boapacraiitic BOAopoAonpoHimaeMOCTM npoHcxooHT 
npif noubiuienHii TeMiieparypw. B to jkc b P cm« npoHHuacMOCTb yr -icboaopoahmx ra- 
aoB, Koropwe BbiAeJi«K>TC» b nponecce aerM/ipupoBaimii. iiaitpHMep, MeraHa b tom ace 
KBapue npn 750 C K KoacpcpiuiHeHT Aiicpcpyaiui hmcct .iHHMCHne 

D rrti =6.10"" . «27) 

hto na ojiinHauiuaTb nopMAKOB mciimjjc mcm ucuopoaa |17. c. 119-120J. Zlainibie o xc- 
Mocop6miii Boaopoaa na okhcwx b vcviohhhx .lenupupoBaHHH uoK03biBaioi. wto aa- 
copfiuHH yMCBaaopoAOB <napac|>HHOB. o.iapnnoiO Menbiue hoi a.icop6i.ui« BOAopoAa. 
TaK, npii 500-700"C Bo;topo;i xeM<>cop6npyeicH KariviiKJaropo.M n aaaepJKJiBaeTCH b 
peaKTope [17|. Tamm ofipaaoM. pcaiainH ;ici ti;ipnpoi!anuM conpuuoacAaeroi xcMOCop- 
6uneii Boaopoaa Ha noBepxiioc™ 6irTVMOBMeinaioimix Mnnep£uioB, paccMarpuBaeMbix 
homm, npiiBOAHT k cpopMnpouaiiiiK) i-crreporemioii ncmepxHOCTii. iia Koropoii bosmomcho 
3apo«Acmie ucnTpOB KpiicTiui.iH:munii a.'iwaaa. 

C ubucieiineM napora30o6pa.-mbix yr.neBcuopoAon nponcxoAUT yii.-iOTuciiHe OmyMa 
it noHiOKeHnc cBo6o;uioi« siiepnm. Ha aamiwx repMorpacpmiecKoro anaji.na mctoaom 
TAA (flHcpcpepenuMa.nbiibii'i Tep.voi patpiiMccKiiii aua.ina) [18. c.351 | pao.ui'-iHhix Mapotc 
6iiTyMa cicAyer, *rro b ripouecce HarpeBa Bwae.i»inrca HocicojibKo SHAorep.MiiHecKux 
acpcpCKTOB ii oahii 3K3orepMHHCCKiui acpcpeKT. 3iiAorepMH4ecKiie acpcpcKTbi xapaicrepn- 
syiOTCH pa3MflrHenneM, luiaBJieHMe.M, ra;joBbi;ie.icHne.M H3 pacn.iaBa h htophhhwm njia- 
BJiCHiieM c ra30BbiAe.ienne.M. 3K303<};c]>eKT pacuo.io>Ke» MestAy raaoBbiACJieimeM H3 pa- 
ciuiaBa h btophhhum njiaBJieHHeM, icoropoe TaioKe conpoBoacaaerc* rasoubiAcneiiMeM. 
Ana 3K303<p<peKTa xapaicrepHo, mto b 9toh ort.iacni reMiieparyp nponcxoAUT aaTne- 
pAeBaHiie ii npeKpaiuewie raaoBU/icjieHHa. 3ro oieiib BajKiibiii mombht b TepMoae- 
CTpyKUim TBepawx yr.icBOAopoAOB. B aror momcht upoucxodUT ynsiorHciuie 6nTyMa, 
conpoBOJKAaiomeecH BoapacTaHHeM icaic MwiCKV.wpHoii Maccu actpa.u,TCHoo , raic h 
caMHX actpajibTCHon (9; 1 1 ,c.39].Bo3pacia.«ie upo.ieHTHoro coAepacaHiifl actpajibTenoB 
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npOHCxo^HT 3a CMtrr cMomicToii komiiomchti.! 6nT\'Ma. OiincaHHbiii aicuKwlxJjeKT otho- 
CMTC51 k ac<t>ajibTaM m ac<J>a.mbTHTaM, KOTopbiii waxo;uiTCH n otihom -rcMnepa-rypHOM hh- 
TepBa^ie 300-400 C . 06pa3o»aimnuicM noHcpXHOcTHbiii c.ioii na nacTi-max paccMarpH- 

BaeMblX MHHepaJIOD MOMCIIO BbIpa3HTb CXCMaTMHCCKIl n COOTBeTCl'BHll [ 19, C.234] 

v <-/*-> .v -> c . 

B 3Toii cxeMe orpaaccH npouecc o6pa3onaiiM« KOicca, Koropbiii oGpaayercw ksk cTa- 
/IviHHbiit npouecc no roMoretiHoii peai<iain. Koraa peaKHHH npoxeicaeT no rereporeH- 
HOMy MexaHH3My, peayjihTaTOM peaKmui «B,ijiercn icpMcrajuiMHecKHfl yiviepoa (ajiMa3>. 
rexeporenHbiH nyTb pcaKuwt, pacotaTpHBaeMoii iuimu, xapaicrepM3yeTCH mohocjiomthmm 
noKpWTiieM nonepXHOCTii MHnepa.noB xeMocopfjnpoBaimwM BoaopoaoM.TaKHe no B epx- 
hocth hmciot KaMPxTBeHHO luibic xapaicrepiicriiKii . mom noBcpxnocTb paccMarpiiBaeMbix 
MHiiepa.ioB. TaK u pafxrre 1 20, c.83| iiccicaoiuuiw iKmepxnocnr okciuou ZnO h TiO, 
npn xeMncop6uHH Btviopo;ia iismciihctch ;japn;i uonepxtioci it na Kpiicra/uiax ZnO. 
CjiCAYer OTMcniTb, mto ii/iothocti, iioBepxiiocnibix cocTosuiuii Boipacracr -xo 

10" CM 3a CM6T WAOpoaHhIX aOHOpOB. 3a < MC I :>T«l'0 VBClimCHMfl llOBepXHOCTHOJI iuio- 

thocth 3-ieiopOHOb yMCHbiuaoTCH pa6ora nwxcua |20. c.83| m B03Hiucaioiiute noBepx- 
HocTHbie cocroflHHfi pacno.io>Keiiw \\ Haupemcimoii aouo 1 17, c.tOO]. 3th imoBb npMo6- 
pereHHbie CBOiicT»a noBepxHocni upu xcMocopfmun »o;iopo;ia cosaaior kumccthchho 
hhvto noBepxnocTb. Ha TaKoii noiicpxnocrii »o:iMo>Kiia a/icop6uiia c o6pa3onaHHeM mm- 
cto KOBa^eiirnbix cbh3ch. 

H3.io>KeHHbiif npwHumi Kpncra/i/iiuauim a/iMa3a 6i>i.'i uoaTBepxciCH DKCiicpHMen- 
TaJibHO. B upoBCACHiibix DKcnepiiMCHTax ncno.-ib:H)Ba^incb laicne KaTajiiisarophi KaK 
necMaHHHK, npHpoaHbiii n3Becrn*K n c.Mecb :rrnx Mitiiepa-'iou n pa3.n-mHbix uponopUH- 
ax- Bojiee Toro, 6biJi npoBWieii SKcnepiiMein c ;iopo>KHi>iM ac4«uibTo6eTOHHWM uoKpw- 
THeM, KOTopoe nocjie xwre^bHOii sKciunyarauim (npii&ftiiaceuKO 10 jict) AeMOHTHpoaa- 
jrocb. /leMOHTHpoBaiiHoe AopomHoe noKpbi-nie ucpea upone/iewieM aKcnepiiMCHTa 
M3MeJibMajiocb h aaKJiaAbiuajiocb b KOirrcttnep » Ko^mecTue 70 r. ilonepx stoh peax- 
UHOiutoH 6HTVMMH03HOM nopoaw 3acbiua/ic>i rioponiKoo6pa3HWH uecwMT repMCTM- 
3amui napoo6pa3nwx yrjienoAopojoB. o6pa3yiomnxcH b npouccce re p m m m ccko h iiecT- 
pyKiuiH 6iiTyMa. 

B pe3yjibfaTe npoBeAenubix 3KcnepiiMeirron no.nyMeHbi oKpyr;iwc Kpiicrcui/ibi a/i- 
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M aaa icaic npoapawHbie. ran 11 Mo.iOMiio-r>e.'ioro uuera (i}>oto 1.2). Tcm commm 6bi-i 
AOKa3aH naJiOMceHiibiii npnimnii Kpu<.~ra.'i.'inaauHii a.iMaaa. icoropwu peajiiaycTC* a 
npitpoAHbix yciOBHHX h KiiMfiep.nrro»bix i py6icax. 

npH rereporeHHOfl i<piicra.-i.TO3aunii a-Mwaaa 113 DWCOKOTewnepaTypHono pacroopa 
6HxyMa Ha KaTajuuaropax in iipiipojiiux Mituepa-ioB. pacc.McrrpeHHbix bwiuc, Ha6/no- 
AaeTca owe™ hi«khh bmxoa Kpncra.i/io B a.i.Maaa, He 6ojiec 1% ot MaTcpmicKoro pac- 
TBOpa H.aii 0.2% or Beca 6inyMJino3Hoii nopoziw. 3ro MaKCHMajibHbiii bmww Kpncfaji- 
jioh, aapenicTpupoBaiiiibiii npii npoHe;ieium rticciiepuMcinou c stthm thiiom i<a'ia.'ni3aTO- 
poii h 6iiTyMa, He noABcpraBiiierooi repMOo6pa6on<e. 

TexHHMCCKa« pea-nnauiiH paccMcrrpcimoro Mtno;ia rereporeimoii KpHcra.a.W3aunii 
H3 BbicoKOTeMneparypiibix pacrnopoB THxeenux yr.ieBo;iopoAOB noTpe6o B a;ia noiicica 
6o.'iec coisepniCHiiJUix Kara.ni:iarop(>u. UponeaeHiibiii hohck ifaw6o-iee acpcpeKTHBHwx 
KarajniaaTopoB. Koropmi lie ncMcpnwnat-r »ccro Miioit>o6pa3H* cyuiecroyiomnx icara- 
jiifaaTopou, iio3BO.'ui.i iiai'mi Cxviiv :n|wpoKTiiniiwc. 3THMH Kara.iH3aTopaMii oKaaajmcb 
Me^KOAHcnepciibic nopniiiicii /Ke.u\ia 11 -ueKipaiJiTii'iccKoio iijikcim. llpoBCUcmibie 3K- 
cnepiiMeHTbT c npnMcncniicM nopoiiiKcm >jcc.u-.:»a 11 ■>.ieicrpo,'iiiTn»iecKoro mhkcvi u paa- 

JIIIHHblX lipOnopUH«X I103HCVI1I. IH \ IH-.IM4IITb HblXCU KpHCTa.MOB a.i>ia3a AO 60% na HC- 

xo/uioe cbipbe (6htvm). 

PaccMOTpiiM icaMeciuciiiio cpii.niMeci<ne upoucccw, Koropwc nponcxo^Hi npn KpMC- 
TajiJtti3aumi a.iMa3a »i3 Tnep.iwx yi ..cuoAopoaou runa fiinyn. Tat< icax comum bajkiimm 
cyuiecTBeHHbiM MOMeirroM npii Kpucra.i;iii3aunii a.iMa3a »n.ine'CCH BbueJimoLnmiCH bo- 
aopojx ii3 KpHCTa.ajni3yiomcr(){ M pacniopa n iisaiiMo/ieticTBHc ero c xaiajmsaTopoM 
(Fe, Ni), to hgo6xoaiimo otot momcht paccMor-peib 1 21. 221. 

"Tlpouecc npoHHKiioBCHHM MO-icKyji no^opoaa cKB03b Niexajijibi BiuiionaeT b ce6a 
HecKO.nbKO aKTHBH pouai ui w x crown: AHCcomianiBiia* xeMOCopoium, nepcxoa M3 
aacop6MpoBaHiioro coctomiiiiw b af>copOnpoBaniioe (pacTBopeHMe). :.iiKp<py3Ha b o6i»eM 
Merajuia. 

Atomw Boaopoaa n ia30Boii <pa.ie o6.niviaiOT noBbiuieHHOfi no cpaBHeaiiio c MOJieicy- 
yiapHbiM BoaopoaoM noTeuiuia.ibiioii siieprudi -2 yB b peayjibraTe paspwBa xiiMnnec- 
Koif cb»3h b >to;ieKyJie iio/iupcua ~A sH. 3ra uoBbiiuenHaa noTCHUHajibHan DiieprHH Bbi- 
aeJisi(?TCH b MOMeHT KOHTaicra aTOMa c MeTa.vi»iHec>coH noBepxHocrbio (Teiuora xeMO- 
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cop6uHii 6 cMCTCMe H — Fe Q panna 133 kA*/mcuu>. b cacreMe H- — Ni Q paBHa 
125 i<A»c/MOJib [22,23)) h nepexoairr b ocuobhom u KO.ae6aTe/ibnyio aneprHio nonep- 
xiiocTHbix aroMoB MCTaJi/ia. A.ifl aroMapnoro noaopo/ia npouecc pacTBopemiH Bccraa 
3K30TepMH«ieH-" 

XeMacop6u3iH no/iopoAa mokct oKaabieaTb cymecrneHHOC bahhhmc im H3MeneHHe 
pa6oTU ubixo^a A# Meraji-iuB. B iieKoropwx My Manx npa HacbimeHHH noBepxHOCTM 
bo^opoaom M3MCHeiiHe pa6oTw BhixoAa AOCTiuacT iron™ 1 3B, oflHaxn, u 6o;ibinniicTBe 
cJiynaeB M3MeHeroie He npcBiauiaeT 0,4 aB, npH stom 3huk h3Mghchha moxcct 6hm, 

KOK nOJIOXCHTe-lbHWM, T3K H OTpimaTC'IbHWM [22.25]." 3TO BaMCIiaa 3H5pr*JTlfHeCKHR 

xapaKTepitcTiTKa jionepxnocTii, nocKorihicy MOKay pa6oToii Bbixo/ia h uoBcpxitocTHoft 
BHeprneH cyiuecTuyex aaBiiciiMocrb |25| 

a = l 9 t _ , (3.28) 

rjie <f>- pa6ora bmxcvw :>.'ieKTpoiia \\:\ xcMocopfmpoBaiiHoii noaepxHocTH MCTa.i,ia v 
N - micjio ABorajpo, a - uapaMCTp pemerKH Mcran-'ia. 

npii paccMOTpein-iH <})opMiipyioiucHCH rpaimiibi Ha xL\MOCopGnpoBaiinof! noBcpx- 
hocth M6Ta^.aa, oktosmuch ua iiojniKOHAeHciipcHKUUiofi wwmku 6nryMa, iiocreneHHO 
nepexoAmueii b KpncTa/i/uiMccKyio t^op.My yivjepoa-a./iMa3. 

BbiAeJimomMHCfl noAopOA U3 pac-mopa 6irryMa, noKpwuaioincro 3epwa icaia^naaTopa 
6yACT xeMOCop6HpOBaTi,oi Ha nonepxHOCTH Meia/moB i<aTa.<ui3aTopou. B iioBepxHocr- 
om cjioe MeTciJi.iHHCc.Koro 3Cpna Ka-rajinaaTopa npoTeKaicnr icaic npoueccw xeMocopfiium, 
TaK ii poueccu a6cop6min aroMOD noaopOAa. B peayjibTare sthx npoucccon a6pa3yer- 
ch ncpexQAHaA 3ona n o6.iacni naiAxoro OuryMa, r/ie KomieHTpaumi i»uopo;ia C H 
cTpcMHTCH k nynto , a co cTopoHbi McrajiJiiiHecKOfi noBepxnocTH Kaxa/uiaaTopa C„ 
crpcMHTcn k eAHHHUC , t.c, KOTffSk iioBcpxnocTb nojuiocTbio noicpbrra xeMocop6npoBa- 
hhwm BOAopoAOM. TatcHM o6pa30M, uo3HHKacT ABHMcyuiaa cuJia upouecca KpHcraji- 



JIH3aUHII. 



"MHoroMHCJieHHwe axcnepHMeHTa/ibiibie AaiiHbie AOKaabiJiaior HenocpeACTBennyiG 

CBH3b Me^K/iy HOBepXHOCTHMM ( M CXCc}^ aa If bl M ) ItaTSIXCeHIICM <7 M CKaHKOM 11.1 OTH OCT VI Ha 

rpaHHiic pa3ae.ia 4>a3. Tax, b cootbctctbh 11 c <J)opMy;iOH BamiHcxoro L26l 
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r fl e A - HeKoropaa nocromnia* am oamioii napu cpa 3 . ° ' iionepxHocTiioc iia-owus- 
HH e. TaKHM o6pa30M. b o6iucm cjiyiac iiapaay co ckumkom reMnepai ypw 11a M ea«pa- 
3Hoii rpamiue .1 ee npoH3i»flHux no npe.Mci.H, nnjoicymefi cuioii npouecca raiaerc* 
TaKMte 11 BejiHMHiia Mcaccpaaiioft yacjimiott cbo6oahoh anepniH |27J". 

5 TauiiM o6p&30M, ctpopMH P oBanHbiii ;ui<p<py3!ionHhin cjioii, ro.iwiiHoff 5 iiojimko- 
iiAeHCiipoBaHitbix yr.'ieBOAopoAOB 6nryMa 11 o6e/iHenHbiii BOflopoao.M. 6y A ex aacop- 
6MpoBaTi,ca na xeMOCop6npoBaiiHoii noaopoaHoii uonepxHOCTM MeTa/um-Kaxajmsaropa. 
Tax KaK cBo6oaHa« sucpniw pacrnopa GirryMa hohcct xo-ibKO noHiuKUTbCM b npouecce 
repMHHecKoii jecTpyKumi, to aflcop6miH yivicpo;ia ecxi> npouccc sKaoxepMHMecKHH. 

10 BwAe-iHioweeca Ten.10 npu xeMocop6umi nonopoaa Q H . 11 ubiztciniomeeca xen/io n P n 
aflcop6miu yr.iepo.aa C? r 6yayT cK.'raAWBaxbcM 

rue nepea O, o6o3iiami.™ crfmec icu.jo peaiuum Kpiicra-uiiwamm. Koropoc h HBJweica 
ABiiHcyuiefi cn.ioii upouccca KpiiCTa.i.iu3aumi. 
15 Tenepb, Koraa pacicpwr cpM3WMCCKHii MexaniuiM Kpiicrajuunamiii a-iMaaa mojkho 

nepciix.i k KHiieTiiHecKOMV oniicamuo upouccca Kp.rcxa.vni3auHn, ».3.io>KeHHoro b 
pa6oTe 18, c.92|. 

"Koraa pocT xcecrKO orpaHHHCH oGbeMHoii /uKMy.ineii, iiotok .moccw ./ m pacrBopa 
113 o6i>e>ia pacxuopa <: kohucm. pauueii C\ yiviepoaa 06yc.10n.neH ofn,eMHofi /mcpcpy- 
20 3neii, a Ta««Ke AH<M>y3Heii ;ipeii<pouoi o itoxoica 11 ;uaaerc>i »bipa>KeiineM 

J..D.p.^*J.'C . <3.30 

r^e x - paccTOHHHe 01 rpaHH KpHcra-uia, a p„ - il-iothoctj, pacrnopa. 
Cicopocib pocTa paiiHa 

y^^BilH.Jl^S . (3.32) 

25 we p e - njiOTHOCTb anMaaa, C " C u - KonneurpauH« yr.iepoaa » pacruope (x ooabuie 
S ) h ua noBcpxiiocTii Kpncrajuia (x panHo 0) coorBexcxBeHHO, a 8 - xojimiiHa wcp- 
tpyanoHiioro c.io*. KnimeHTpaiUfH Bbipa>i<e»a xaic MaccoBa* wacxb pacTBopeHHoro yr- 

jiepo.ua B pacTBOpe. 

Cor/iacHO ypaiuiewmo (3.32) rpatpwc .uibmciimoctii V ox 



# 
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l-c 
1 1 - 1;, 



(3.33) 



aaeT npyiMyio c hukjiohom. 



D (3.34) 

C-ieaoBaTejibHO, ecjiH /0 e n3Becrna. mcwkiio oiipe;icJinn. (K03cp<pimneHT Macconc- 
peHoca) . 

P-=AT (335) 



Ko34i4»niHeHT Macconcpenoca K,, mcwkhcj iio/ivHMTb nn cooTnonieiuiM 

i i 

N 9h - B + • A^. - (3.36) 

r;ie - hhc/io IUepBy;<a, paHHoo 

A^*',^ . <3-37) 



a Af Re - mic/io Fefino-ii>;ica 



N = E1Z (3.38) 



v 

ii A',,. - hhcjio IilMJi;na 

,V =il (3.39) 

npit 3tom noCTOHHiKUi B iipe;inu.'iai acroi pamioii 2 .vih e<|)«p 2>/2 a'i« oicras/ipoB. 
B ypaBHeiinit ajix mhcci PeiiHOJiwica. IJImhatu n UJepny;ia x - pa3>iep upiiCTayiJia. 

V - KKKeMaTKHeCKM IMSKOCTb, a W - OTHOCI ITC.'I lillilfl CKOpOCTb MeiK^y KpjlCTa^.lOM H 

o6ijeMOM. 

Tlpn Majiwx oTHocurre.Tbiibix cKopocrnx nan h cnyMae ncncaBMJKiibix pacTBopoB, 
uoraa saaeeH nepabiii uieH b npauow Macru ypannennji (3.36), HMecM 

K HmD (3.40) 

ripH BblCOICliX OTHOCHTeJlbHblX CKOpOCTHX, KOIXU1 cyll|£CTBeiI BTOpOH MJieH (icoraa B 

KpncTaJi;ni3aTOpe ocymccTB.iHeTCfl iiepe.MeinnBanne) umccm 
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(3.41) 



Mini npii x paoiio eajwMue 

i i i 

cJ=l,60> *v«*W- . (3.42) 
IloMiiMO nepeiioca Maccbi Ha cKopocTb pocra Moncer oi<a3biBaTb B03ACHCTBne ubme- 

Jienwe itjTH nor/iomeHHe Terua na nouepxnocTn, o6ycnoii-'ieimoe cajvuiM pocxoM (coot- 

HOiueHHe (3.30)). 

5e3pa3MepHbifi napaMCTp, onpcaciHCMhui Kai< 




(3.43) 



yHHTbiuacT oaHOBpcMcmiMti ncpcMoc Mctccbi ii TciMa. 3;ieci> AN naMeneiine napiuiajib- 
Hoii Mo.mpHOH 3HTci.'ihinin i*o upc.MM poena, a T - rcMncpaTVpa pacxiiopa. 

Pipit cTamiOHapHOM tcmciium praicaim cKopocrb MO.aeKyjiHpiiCH (o6i>eMHoii) zm4)(f>y- 
3HM CTanoBiircH pamioii cKopocTii pcaKiutn 6cJOTiiocnTC.'ibHO i< yc.iOBHJiM AaHHoro npo- 
uecca." 

AeHCTimre.'ibHO. ran k;ik npouccc KpMC'ra/i.iu3auiiM iipoxcicacT n npe;ie„iax ABH^cy- 
meiicH rpaiiHHiioii iioucpxiuxrni ro.unmion S, to nee nponeccbi othochtch k 3TOH rpa- 
HHHiioii iioisepxiiocTii. Or noHepxnocm » o6bc.M pacraopa MoryT 3iict)cj)y}UHpoBarb yr- 
.leBOAopoAHbie paAiiKa.'ibi. iiapora;jom>ie komjiohciitw repMimecKon accrpyKtuiH 6uTVMa 
w BO/iopoA icaK b aroMapnoii. rai< u Mo.ieicy.MHpnoii 4>opMe. 

B paccMOTpeHHOM rcreporonifOM Mexann:*Me Kpi-icTajiJiH3aiiHM a^maaa mo>kho nbi/\e- 
jiHTb HecKo.ibKO cra/uni. B iiepuon crajHii npouccca npowcxoAHT o6pa3ouaHiie xeMOCO- 
p6npoBaHHoii noBcpxHOcrji uc)Aopo;ia ira 3epitax KpiicTajiJiH3aTopa (Fe,Ni)- Ma ,\ieTaji- 
Jiax xeMocop6iuiH BOflopo;ia .Mo>Ker 6biTb onucaHa Teoperimeciai 1 2 1.22, 23]. 

"Ecjih Mo^eKyjia HL aj.cop6upycTCH AHCcoiiHaruuHO a #ee jio3mumii, to upoTeKaer 
npouecc 

-H,+*V„ -*H* , (3.44) 

2 " * 

to cKopocrb aacop6uifii 
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CKopocTit ziecop6unH Bcenia nponopuncHa.ribiibi Ko.iMwecrBy ajcopOupofiaHnoro Beme- 
cTBa Q H , noaTOMy x'jn hjix ciipaBe/umiibi BbipajKeiimi 

F , »0„ . (3.46) 
H3 cooTHomeHiift (3.42) h (3.43) npii panHOBecim cKopocTevi aACop6uHH h aecop- 
5 6umh nojiyHHM 

— • P ■ H, 

0 1 (3.47) 

06o3uaHitM Mepe3 /? oxnouieime paciioc , xoraa cooxHomemtc (3.44) 3anwmeM 



* 7 (3.48) 



10 



ripn 0,,, cxpeMameMOi k e;um»nc\ »ca nonepxnocxb Kaxa/ui;iaTopa 6yacr noKpwxa 
MOHoaTOMHbiM cioeM Bo;iopo;ia, na icoxopoM ro.ibKO ii bo;jmomcho ofipa30BaiiMe KpilXM- 
necKnx aapo^biuieii ajiMaaa. B TpeTi.cii cxaAim uponcxoiunr ;iH(Jx]?y3HOHHbiii pocT KpH- 
cra/uioB aji>ia3a. 

H3Jio>KeKHbm Mexanu:j.M Kpncra.i.innamtii a/iMaaa n epauHemm c onucaHHbiM aaajio- 
tom, ivic KOJiiiHecTncHiio oniiCbmacrcH aacopGuiioHiibii-i mcxqhh3m 6e3 ;ufccounaunH bo- 
15 Aopoaa. b npaKTHHecKoii pea.ui3aumi lie npiiBo/uix k no.io>KHxe.abHOMy pe3v/nyraxy, 
hxo ii orMenaexcfl cumhmu aoxopa.Mii xeopiut |4 J. 

B nacrosimec speMH npoii3Bo;icxi*o ciiHxenmecKiix ajiMaaoB ocymecxii.MeTcsi Mero- 
jxom nmpocxaxunecKoro npcccoBaimH 13,5 1 u npiicyxcxBKM MerajwiMecKHX Kaxa;tM3a- 
Topon (Fe, Ni, Mn, Co, h flpyrux Mexaji.?io») . Beci> cncKxp ncxriynaeMbix CA sthm 
20 cjioco6om b ochobhom npHMeiiHCTCH ;viH ue.ueH t)6pa6oxiui pa3„uHMHbix MaxcpnajioB 
a/iMa3HbiMn HHcxpyMeHxaMii. B xaKtix orpac;mx npoMhiuuiemiocxu, icaic paawosyieK- 
xpoHHica n onxima noJiynaeMbic CA He npHMeH*K>xc*i W3-3a neyAOBJicxBopiire/ibHbix 
xaparcrepitcTHK btiix o6jiacxeii npoMbim.'ieuHoro ripoii3BoncxBa. 

npe^JiaraeMoe U3o6pexeiine n no,'inoH Mepe pciJiaex Bee 3aaaiu, Koropbie xpe6yex 
25 npoMbiui*aeHHocxb ox cimxcrHHecKoro a.iMa:*a. Bo.'icc xoro, upezuiaraeMbiii cnoco6 upH- 
cTaJi.niaauHH a.iMa3a no3BOJi«er no.iyHaru a.i>ia3 c /ho6umji iianepea sajxai-utbLMii cboh- 
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CTBaMH, Hero ne b coowihhh npeA/icwKHTb upoMunujiemiocTH na oamh M3 M3Becnibix 

CIIOC060B KpHCTcUI J1H3UUH H aJIMH3a. 

IIEPEHEHb OHrYP M 4EPTE2KEft 

1. Ma 4>ot.1 n3o6pa»ceH rpacfmic aanncMMocTH cbo6o/ihoh 3Hepnui npn KpHcxaji 
.iM3aunH ajiMa3a ot pa3Mepa KpiiTHMecKoro sapoflfoima. 

2. Ha 4>Hr.2 H3o6pa>KeHa BeicropiiaM /uiarpaMMa nouepxHocnibix chji b npoixecce 
KpMcra.uin3auHH ajwaaa. llpn 3Tom o6o3HaHe!iwe BeteropOB uoBepxiiocTHbix ch/i, 
o6o3KaKeHHbix neper* 7^, y ^ , coorBercByioT ofio3HaHeHHHn, npHiurruM b tckctc 

OnHCaHHH COOTBCTCTBeWHO Mepe3 a cs , a A , . 

3. Ha c|)in\3 H3o6pa>Kena 3aBHCiiMOCTb ii3MCHeimn Mo.neKy.uipHuro neca komiiohchtob 
6MTy.Ma u npoueccc Harpeua. Hpii ?>tom KpHnan 1 cooTBcrrcTByeT MacnaM, Kpnaan 2 
cooTBeTCTByer ciijiHKarejiCBbiM cMOJian, KpHBaw 3 coo tb ctct b y ct acctiajuvretiaM. 

4. Ha 4>Hr 4 uoicaiaHbi KpucTa.i.ibi, nojivMewnbie Kpifciaji.inaauHeH Ha oKHcuax 

COOTBCTCTByK>mHX npHpO^llblM VCIOBIWM KpMCTUJI^I l3aiIHli. 

5. Ha cjmr 5 noicaaai-ibi KpHCTa.i/ibi cc}>epnMCCKOM cfcopMbi. ncviyvemibie Ha oKMCJiax 

COOTBeTCTByfOIUHX IXpiipo/lHblM YTYIOBMMM KplICTaJI .TH3aHMH . 

6. Ha cjjur 6 noKa3aHi>) KpMCTa:Mbt, uo;iy4eHHbie c iipHMeHeHiieM MCTajuiHMecKHX 
KaTani3aTOpoB Fe 11 Ni (nopoiiiKii). 

7. Ha 4)iir 7 n 8 noK33aHbi HiiTeBiiAUbie KpiurrajiJibi, iKX'iVHeHHhie c upMMenemteM 
MeTa.i.iifMecKiix KaTa.iH3aTopoB Fc 11 Ni (iiopoiukob). 

CBe^eHHH, noATBep>KAaK>mne bo3mohchocti> 
ocymecTBjieHHH M3o6peTeHMH 
3KcncpHMeHTaJibHoe uojXTBep^eHne 3a*u;iHeMorc W3o6pereHHH ocyiuecTBJiHJiH cae- 
^yiouiHM cnooo6oM KarajiHTHnecKoro aerHApupoBaHitH TBepawx ne^Hwx npoayKTOB 
(THFI). KaTajiM3aTopaMM b cepifM 3KcnepHMCHTo» no KpHcrajiJiH3aunM ajiMa3a 6ujim 
Mcnojib30BaHLd MCJiKo^HcnepcHbie MeTajuiHHecKwe iiopouiKH TMna: 
>Ke^e3HbJH nopouiOK n>KK -0,1 mm; 
HMrcc/ieBbrft nopouiOK nH3 1-0,05 mm. 
MexaHHHecKaa CMecb noponiKOB npwroTan/iHBa./iacb Kai< w o6i>eMHOM t TaK m u Beco- 
bom cooTrtouieHHH. 06beMHOC cooTHOiueiiMe cooTBCTCTBOBa/io c/ieayjomeii npojiopuHii: 
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60% no 06-beMy 6pajui Mexaji.niMecKoro nopoimca Fc; 40% no o6be.MV 6pajin Mcrajum- 
HecKoro nopouiKa Ni. Bsaxbie n xaicoM cooxnouieHWii nopoiuKii xmare.ibHO nepeMeuui- 
ua;iHCb. Ajia^oniMuo iipiiroxabiHBa.'nicb MenuuiuHecKHe nopouiKH b Becoi3bix cooxho- 
tueHnax. CymecTBCHHoro ox.niMim u npouecce npoBeAeim* aKcnepiiMenxou Me*c/iy 
5 o6*beMiu>iM 11 Becoi3biM MeroAaMit c rexmiqecKoii romcii 3peiniH mm ue o6Hapy>KHJin. 
TIpiiroTOBJieaHMH Kaxa;ui3axop mctojom ofi-beMi-ioro cMeuiHBaHHM 13 yKa3aHHUX npono- 
pilMHX npoKajJHBajicH u wy4)e.?ib!ioH ijcmm upii xeMiiepaxype 500 rpaaycoB no Uc/ibcMio 
b xeieHHH zujyx nacoB. 

B KanecTBe xiiepAoro yr.ieBo;iopo;ta 6bi.'i h:ihx 6ifxyiM Mapicii BHZt FlpeABapHxejnb- 
10 ho 6iixyM noAi3epra-icH 2-x Macouo>ty irporpeuy npn reMiiep;vrype 410 rpa^ycoB no lie- 
jibcnio. TeMneparypa repMiisecKoii of>pa6oxi<n 6irryMa 0bi6pana 6bKia hc aynaiiHo, a 
113 3KcnepwMeuTa.ibHbfx ;iamu>ix no KOKcouaimio thhccviofo jicc^THHoro obipbH 1 11,14]. 
Kau 6biJio >'Ka3ano b pa;j;uvie 3, npn raKon re.MJicparypc upoHexoauT aecxpyiciiHH ko- 
MnonenroB 6nxyMa, aiiaMnxtvibiio no^pacxacr Ko.nniecrno ac^a.ibxenou u ^ocniraeT 
15 MaKciiMVMa (puc. 3). KaMccTiiLMiiiwii iconxpo/ib KO^HMCCTBa acc|>a.aivrenoB ocymccxBJin- 
;ni ;uoMimecueKXHbiM mcto;iom na MiiKpocuonc MMH-8. Ha npeAMexHoe creK^io hsho- 
chjih iwicHuy 6irryMa, iipoincamcro xepMHHccKvio o6pa6on<y x,TOpo<l>opMHofi ubix$i:>K- 
Kit. no inrreHCirBHOc-m /no.MHiiecucn 1 noro ciicmchmi, Koropoe hmcct 6e;io-i ojiy6oft 
iibct pa3JiHMiion hhxchciibnocxii iJ :jamiCHMocTu or napriiH 6m\VMa h KanecxBa repMoo- 
20 6pa6oTKH. TaKitM o6pa:?oM. npnrmoij/ieinioe cbipbc 11 oxofipamioe no MaKCMMVMy iime- 
HCHBiiocrn jTiOMHHecucHumr fipa/ui ;iih upoucAeHHft :>KenepitMeHroB. Kaic npauvu'io, no 
cjie 2-x nacoBoii TepMMMCCKoii o6pa6oTKii 6irry>ia cro Macca cocxaH/iHJiH He 6o.nee 
50-55 npoucHTOB ox nepBoiiaMa/ibHoii. 

HaBeci<y TepMOo6pa6oxaiiHoro (uixyMa b Ko/mnecxBe 100 rpaMM noMeiuajiH b koh- 
25 xevhiep, Koxopbiii npencxaB,n*;i co6oii o6bi l )Hbiii muiiiHAp, H3roxoB.neHHbw H3 xiixana, 
BuyxpeHHHfl miaMexp ero 6uvi paBcn 80 MH^;iiiMexpaM h xojimnHa crenoK 10 MHJuwMe- 
xpoB. Ha Hapy>KHOii nouepxHocxH axoro wnmmjipa noMcmajica xpexceKUMOHHbiii djizk- 
xpKMccKufi Harpeuaxejib Momnocxbio 750 Barr. 

BHxyM, noMeiueHHhiJi b KonreftHep, nporpeaa.icH &a nojnioro pacn.aaBJicHiifl. B pa- 
^0 cnjiaii^eHHyio Maccy 6uryMa aacbinajioi Mexaji/iMMecKnii Kaxajui3arop H3 MeTajiJUtnec- 
1 khx nopouiKOB Ni n Fe b yicasai-uibix Bbime o6i>eMHbix cooxnoiueHimx. Kojihhocxbo 3a- 
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cunaeMoro KarajiH3aTopa cocTaujwjiu 200-240 rpa>iM: 3acwnacMbiii KUTa.iH3aTOp nepe- 
MeuiHiia-icsi MexaaiiMccKii c pacn.iajuicinibiM 6htvmom ;io coctohhjih o;uiopoAHocTii.no- 
oepx SToii peaKUHom-iofi Maccbi 3acuua.ic5i ;ioiio.ntnHre.'ibiibiM xaTajiiiaa-rop raKoro >Ke 
cocTaBa b KoJiimecTue 400 rpaMM A-'i* co3Aanmi ii36biTomiono aaB„ietuui is peaKUHOH- 
hoh 30He KoHTeimepa h b 10 mm ot ana KoirreHnepa craBinacb repMonapa XK zjih 3a- 
nHcit uoreHUHOMeTpoM TeMneparypw b none KpiicTa/uiM3aLuui. Ha stom aaicannHBa^icH 
npouecc no/iroTODK>t k npoBeAemno peaKmur KpncTa.n/iH3ami» ajiMaaa. 

noAroTOB.ieHHhiH KoirreiiHep-KpMCTa/j-in3aTOp iioAKJitonajni k pcry-iaTopy nanpn>Ke- 
hm» c noMOiUbio KOToporo pcry.iHpounjH-i narpeo iq?iicTaji.ii-i3aiuioiiHOH Maccbi. MaiccM- 
Majibiia^ TCMnepa-rypa uarpeBa lie npcubiiiuuia 550 rpaAycon no Ucvibcino. llpn raKOH 
aaaaHHoii reMncpaType nponcxoA" - f ia icpHCTa.i.iH3auHH a..iMaaa. BpeM>i npo»e;iei!MH pe- 
aKunn orpaHHMiiBaJiif 4, 6 n 8 Maca.Mii cooTBercTueHiio. OiiTHMa./ibno ;uirre/ibHOCTb 
ripcse/jemm peaicumi KpHcra/i/iiiaaLnm a/iMaaa uaxoanjin aKciicpHMeirrajibiibiM nyTeM, 
KOTopoe paBH^.iocb 6 nacaM. /loiuviiuiTLvrbiian i*biaep>KKa npi-i 3a;iaunoii reMiieparype 
lie npiiBOAH-ia k cymecrBeniK»iv iumciichjiio lcoiiCMuoro peay/ibTaia. 

B npoBeAeHHofi ccpiui nKcncpiiMCHTOB bmxoa KpiiCTa-'Mon ajiMa3a cocraB-'iaji 40-50 
npoueHTOR or Beca pcaKiinoHiioro fiirryMa. B a6co.iioTiioM BbipaaceHi-iii :rra Be.iKHHHa 
cooTBCTCTBOBa/ra ot 40 ;io 50 rpaMM Kpiicra-'i.ion a.'iMaaa b HeoOpafioTaimoM bhac 3ra 
BejiHMHiia Bbixoja KpucTa.vioii a.iMa:ui nocH-ia ycTOHMHBbiii xapaicTep n mb/ihctcji cpeix 
Heii n npoueacHHbix aKciicpiiMtim ax. 

M.mneneHHC Kpiicra/LiOB a.i>ia:ui noc/ie npoBe.ieHUH 3KcnepnMCHTa ocviuecTBJifiAii 
Me ro ao M ManniTHOM ceuapauiiii, Ko-ropoii npeauiec-nioaajia onepaumi MCxammecKoro 
Apo6jieHiiH cneKineiica KpHCTa.iJiinaiuioHiioii Maccbi. Ho oKOJinaHiiM upouecca Manui- 
THoii ccnapamiif MeTajiJiHsecKwii KaTa/nnarop BHOBb npocenBajicH 11a chto h noABep- 
rajicH HpoKajiiiBaHHio npn :jaAanHoa rcMnepaxype u 550 rpaAVCOB no LLe/ibciuo b mv- 
c^ejibHoir acMii. BpeMH ripoKaniBaiutH ne upeebiiua/io 1,5 naca, noc/ie Mero tcoHreHiiep 
oxjian<Aa-acH BMecre c My<fje.ibHOH hcmmo. OxJiaacAciuibiir KOHTevtHcp ubiiiitMa/iH m eio 
coAep*aiMoe BHOBb noABepra.in MexamiMecKOMV apo6jichhio 11 MarHtmioii cenapauHH, 
B pe3y.ibTaTe 3Toii onepamiH nHoub inujieKa/m KpucTajiJibi ajiMaaa b KOJumecrne 10-1 
rpaMM. npn TaKoii TexHo/ionni icpwcTaji/iHaaiuiH o6iuee KOJii-i^ecTBO M3B,ieKucMi>ix aji- 
Ma30B cocraB.aa^o 50-65 rpaMM (c)>aro 3). 
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B npoBencHitoii cepiiu aKciiepiiMeinoB 6i>i.:io hojivmcuo 6ojiee 3000 itapaT «uiMa30B 
paaJiiiHiioic ^paKinm ot 100 mkm ao 1000 mkm. Ilpu :itom iieofixoaiiMO oTMCTHTb, 4TO 
4>paiauni aJiMaaon MeHee 100 micm tie Ji3ii.'ieica.'incb. MaKciiMa/ibHbni pasMcp Kpiicra.n- 
;iob ajiMaaa, H3B;ieweuiibix b npouecce uponcviemm oiccucpiiMeiiTOH. ne npeiibiuiaji 3,5 
MHJiJiuMeTpa. 3aaana H3BJieMciniH MaKCHMa/ibiibix no ne-iimmie icpucrajiJioB ajiMa3a u 
xotxe 3KcncpiiMeiiTon ne crami/iacb. 

Jinn npoBcaeiiUfl ifccjie/iORaimn nojiyneiiHwe Kpncra/LZbi ajiMauon o6pa6aTbiBajmcb 
b CM6CH kiicjiot cepuoii u aaoTHOH CTan,aapTHWM npuMWiu.ieiuiwM MeroaoM. ripM p6pa- 
6oTKe TaKHM cnccofioM Ha6.noiia.iacb norepw " uecc ii3B.ieMenHhix i<pHCTa„i.ioR. MaMe- 
hchhc Beca Kpiicrajuion Aocrura-'io 15 upoueirroB or ucpiioHaH&JibHoro. 3tot <J)aicT »b- 
jihctcb ecTccTHeHHWM, Tai< icaic lnnjieHCif ni>i« Kpuc.Ta.f.ibi a/iMaaoB 6bi. r iH noKpuru cjio- 
eM rpac^irra, icoTophiii apucy rci boiukm i<ai< y.-iijTpa;im:iiepcHbiii nopoiuoK. 

IliiOTHOCTb KpHcra.Fi.ioB a/iMaaa iiaxOAti-'iacb » nurepua/ie 3.35 rpaMM ua canrHMeTp 
Ky6H4ecKirii (Monom-io-ficnaH paaiioBiiAnocTb. iieiioo6pa3Hbtu) ao 3.54 rpaMM ua caimi- 
MeTp KyGiiMccKiiii (npoapamibic Kpucra/Mbi). I loKa3aTe/ib upejioM.iciu-iA, juMepeHHiibiw 
no mctoav B.H.JloflOHHiiKoisa, OKasa/ie* paBiibiM 2,4. HnMcpirrb 6o.iec tohiio raicuK 
napaMerp aBTopaM no npe;icTau. ? i«. f ioci> iioaMo>KiibiM. 

ripn uponcAeiiHii cpaBJiii rc.ibubix iicc."!c;ic)»aniii'i ucviyHeiiHwx Kpucra.i/iOB a.waaa c 
npitpoAHbiMH Kpiic-ra^JiciMii in MCcropo>K;ieMHii >lKynm .noMHHecitcHTiibiM mctoaom cy- 
mecTBcmibix OT.i!iHiiii iiiiMH no ofmapyaccno . KaK npupo,uri>ie> rai< n nojiy4e*iHbic 
KpiiCTa^.iM b ochobhoh Macce ;iioMHHKciinpyif)T 6c. ! io*ro;iy6biM uhctom npu Ko:*6yxc- 
xeum\ cBeTOM pTVTiioii .iumiiw ilPlII-250 npouyiiienHoro Mepc3 y.ibTpat|>no-ieTOBbifi 
coeToc()K.nbTp YcDC-3. Hpn m-nM iuimh o6napy>Kciia raioKe cnoirraiiHaji uo/mpuaoBaH- 
Haa ji tom ii HecixcHiui^i , H'to xapaKTepHo ro/iiiKo a.i« upnpoaMbix Kpncra/MOB. ripn mcc- 
yiCAonanMH HirreBHAHbix KpacTaji.ioB (4>oto4,5) .'uoMiiHecnemum na6.moAaeTCH y Bcex 
HHTeii (6e/io-rojiy6oe cneHeHiie). Oco6eiiHo miitoiichbho .HOMMiiecuMpyjoT oiAejibHbre 
oo/iOKua cuerjiu-cMHiiM cueneiiHeM. I Ivtreuiusibte Kpiicra-iAbi anMa30u, iio/iyMCHHbie b 
aKcnepsiMCKTax, ne oOjuuxsoot cuoHTaimoii no/isipii30BaHiioii jiioMiwccueimHew, no Kpa- 
HHeii Mepc, naM ee nn yAa.aocb o6napy>KHTb. /U»na hiith, h3BJICmchjioh h3 xaoTHMec 
Koro nepen.ie*renn5i, Aocrura-ia 6o./ico oahoio Merpa. ilnaMerp nitreii 35 MiiKpoMerpoB, 
KaK cpeausiH ueniiMHiia. 
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IlpH uccjie^oBaHHii KpHCT£LVfon h iio/iHpH3ouanjioM caere (ctcpeuieinibie hhkojih ) 
o6Hapy>KCHbi KpHcrajuibi c BieuOHcmuiMH Tuna a/iMaa u ayiM03e. flpn dtom noracanae 
MaTepiiHCKoro KpHcrajuia conpouo>KAacToi npocHCTVicmieM k pHCTa/ui a- &kji 10 4 e h . Ka k - 
upM iiccrceaoBaHHH 4 ?OTOJIIOM,iHeci ^ eiIT||b1 ^ mctoaom, ran h uoyiapji3amumubiM mcto- 
AOM ot/ihhmh or npapoAHbix Kpj-icTa.'hTOii a/iMa3a hc 6h\Ao o6Hapy xeeno . 3tot 4)OKTM- 
HeciuiH yKcnepiiMeHTa^bHbTH MaTepiuun o/uicxmamio ;ioKa3biuaeT, mto Hati/icHbi Kai< yc- 
jroBitfl KpHCTaJiJiH3amiH, tsk ii MaTepifHCKmi HCTowHiiK ynepo/iHoro MaTepnajia, r,e. 
MaTOHiibiH pacTBop yrjicpoAa. 

H3/io>KeHHafl rexnojiornH KpjiCTa. r i.:iii3amiu aj*Ma3a utttBOJiner 6e3 cymecTBeHHtax 

3KOHOMH4eCKHX 3ai paT OprailH30»aT!> lipOM3lJO;iC! IJO, KOTUpoe U IIO/IHOH MCpO ViXOB- 

jiCTuopirr iioTpe6iiocrir ucex oTpac.ten MaTepun/ihiioro iipoH3Bivicrrua n 3tom ynni<ajib- 
iiom Marepnajie. B TexHOJiorHMecKOM aciieic're peu.-'maaiuiH u3/io>Keirnoro npimmuia 
KpHCTUvi.iHsauHH a;iMa3a B03M(»KJia pa3.aiiHHbiM»i M< v ro;iaMu. Manpii.Mcp, MeroaoM Herio- 
cpe^cTBeHHoro crarHHecKoro upccco»aHji» <• npuMiMuinncM KarajniaaTopou hjitchcmbho 
nor.iomaiouiiix BOAopo/i » c^opMe xcMocop6iami. *\)thm motoaom bo3MO>kho no/iyHaTb 
KpucTa/i/ibi ajiMa3a c iianepeA aaaaiuibiMM c»oiicruaMii, c|>opMoii u pa3MepaMH, hto 
iiMeer cymecxBei-iiioe aiumem-ie pa3JiiiMiu>ix orpac.ieii iipoMbiiu/iemiocTJU npHMeHn- 
K>miix ajiMa3W. B cymecTiiyioiue>i upcnnmo;i(;r»e cunrcaa a/iMa3a c vro KaMepa.Mii bw- 
coKoro AaBjieHMH h libi cgiciix TCMiiepaTVp, \<i\K tl'Xho. tonmccKue oTanht npon3BoaoTBa, 

CTaH O B JITC H3.4HLUHHMII U CUeTC l3blUUeil3;K))KCMH<>l'(). MCK/IICMCIIHC 3THX 3. f ieMCHTOB 

npoii3BOACTBa m 3aMena o6bimibiMii npecc(|)opMaMii TcibKo aiiamfre.ibHO chhsht 3aTpa- 
Tbi Ha npoH3BOACTBO a.iMaauB npMpoAHbix rpynn no cviuccTiwioiJien K/iaccu(l»iKaiufM. 
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